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ABSeRCT

The following report deals wi'th a number of related items of

research undertaken for Rome Air Development Center (Contract No.

AFO(6O2S--.•2I) during the period January 1 to, December 31, 1965. The

contract was concerned with the feasibility and utility of a "kerneliz-

atioc" procedure for purposes of information retrieval. Research was

carried out utner the general direction of F. W. Householder, Jr., more

specific direction being provided, at different tiners, by J.P. Thorne

and J. Lyons. The final report has been assembled under the supervision

of P.H. Matthevs.

The leading section discusses, in general, the problems involved in

the kernelization of cowpl.:x English sentences; this section is the work

of J.P. Thorne. The remainder is in the form of appendices. Appenxix I
contains a detailed report of the kernelization procedure; for this sec-

tion 8.!. Laszlo was largely responsible. Appendix II reports on a

series of experiments, undertaken by J. Masters, to determine to what

extent "information" was "preserved" in kerrelized versions of sentences.

Appendix III reports on a frequency count of the transformations exhibited

by a stretch of rnning text; this count was mdertaken by F.C. Fisher,
W0J. Xzm, T. Matsuda and (initially) H. Felder. Finally, Appendix IV

contains a list of tramasformatioall rules which have actually been written,

with reference to sigiflcant published (and some unpublished) material.

This list was prepared by T. Mtlsuds.
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INTT ODUCT I ON

The following report deals with a number of related items

of research, undertaken for Rome Air Development Center

(Contract No. AF 30(602)-2951) during the reriod Jan-rv I

to December 31, 1963. The contract wag corcerned with the

feasibility and utility of a "kerneli-ation" procedure for

purposes of infor-.at.ion retr- .eveI•see h wag c' _-rieAd O(it

under the general direction of F.W. Householder, Jr., more

specific direction being provided, at different tines, bY

J. P. Thorne and J. Lyons. The final report has been assembled

under the supervision of P.H. Matthews.

The leading section discusses, in general, the problen•-

involved in the kernelization of complex English sentences;

this section is the work of J.P. Thorne. The remainder is

in the form of appendices. Appendix I contains a detailed

report of the kernelization procedure; for this section

S.I. Laszlo was largely responsible. Appendix II reports

on a series of experiments, undertaken by J. Masters, to

determine to what extent "information" was "preserved" in

kernelized versions of sentences. Appendix III reports on

a frequency count of the transformations exhibited by a

stretch of running text; this count was undertaken by F.C.

Fisher, W.J. Kunz, T. Matsuda and (initially) H. Peider.

Finally, Appendix IV contains a list of transformational

rules which have actually been written, with reference to

significant published (and some unpublished) material.

This list was prepared by T. Matsuda.
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The experiment here described wai desl-zned to

investigate the problems involven in constructing a

computer program for reducing derived Th-I!m 9entence-

to their constituent kernel sentences. The livision of

the sentences of a language into kernel sentences and

derived sentences reflects an essential st-uctural

feature of transformational grammars. The reasons

for making the distinction are briefly as follows. 1

A grammar is considered a device for assigning struc-

tures to sentences. Any grammar can be treated as a

generative system. That is to say, given any system

for describing the syntactical structure of sentences

in a certain text or corpus, it should be possible to

manipulate it in such a way as to generate these

sentencefs. Moreover it should be possible to generate

grammatical sentences not contained in that corpus.

But at the same time the grammar also assigns struc-

tures to these "new" ser-tences. This is because any

grammatian analysis of a sentanrie can be interpreted

as a series of rules for generating that sentence.

Conversely, the set of 9 ormulae (each occurrig in

two rules, once as the p'oduct and orce as the origis,



of a rule), which make up the rules for generating a

particuLar sentence is exactly equivalent to an analy-

sis of that sentence; and in the case of a syntacti-

cally unambiguous sentence is unique.

One of the main motives for writing a trans-

formational grammar is to construct a system which

will assign structures to all the possible grammatical

sentences in a language. It follows that the grammar

has to be set up as a series of rules for generating

all the possible grammatical sentences. It also follows

that in order to achieve this goal it is imperative

that the system should be constructed in such a way as

to ensure maximum applicability of each rule. This

means that in establishing the rules for generating

one kind of sentence the linguist must be at pains not

merely to find rules which will account for this kind

of sentence but, as far as possible, to chose those

which enters into the generation of other types of

sentences as well. The division into kernel and de-

rived sentences is an essential part of this strategy.

indeed, without it, it would be virtually impossible

even to attempt to construct a complete grammar. By

treating those sentences which aro not kernels as being

derived from them we ensure that the rules for generating

kernel sentences enter into the generation of all sen-

tence!&. The grammar, therefore, falls into two parts.



The kernel or phrase structure grammar contains rles for

generating kernel sentences only. The nrles in this part

of the grammar are extremely simple, each rule expanding

one element in the origin formula at a time. All other

sentences are generated by transformational rules which

are considerably more Lomp.cated. These rearrange, de-

lete, and add to the elements of kernel sentences or of

sentences already transformed from them.

It can be argued, therefore, that if we know which

kernel sentence or sentences underlie a derived sentence,

and which transformations have converted them into the

derived sentence, then we know a great deal about the

grammatical structure of that sentence.

For the purposes of the present study it was decided

to construct a program to analyze sentences produced by

the following transformations (1) passive (i1) action

nominalization (with derivative affixes) of both nominal

modifier (IV) the introduction of passive transforms

after deletion of auxiliaries and agents as pre-nominal

modifiers.

Lees, in The Grammar of English Nominalizations de-

fines the first three of these transformations as follows

(1) .2
(1) Passive

Nom + X - V - Nom'- Y -) Nom'- X + be + En - Vtr-bY + Nc

and, by deletion of the agent

-3-



X - be + En + Vr- 'by + Nom - Y--)X - be + En + Vtr tr

(11) Action Nominalization

X - T - Na- Y

Yom -Tns p Vin - -(Ad j - I
- Vx + P + Nomt!

X - Norm + Gen - (Adj) NmlJ x + P + Nom -Z

X - T - Na- Y

Nom- Nom' - (Adj - Ly) >

X - Nom + Gen - (Adj-) [NIns r Vt + of + Nom° - Z -

Thus by the first case from the kernel sentence

'The earth revolves' is derived the nominalization 'The

earth's revolution', and by the second, from the kernel

sentence 'John distributes the tickets' is derived 'John's

distribution of thc tickets'. A further transformation

X - T - (Adj) Nml + Vt - of - Nomr- Y
IVin o

x + P + NomJ

X - Nom' + Gen -(Adj) Nml + V t - y4

produces the forms 'The revolution of the earth' and 'The

distribution of the tickets'. It is these forms rather

than the earlier ones that are handled in the program.

However, we have decided to accept the formations and

take this form of the nominalization of transitive verbs

as being derived directly from a passive transform. That



is, we take 'The distribution of the tickets' as originatirg

from a passive transform from which the agent has beer Aeleted.

This seems more intuitively satisfying particnlarly in that

it provides a satisfactory accounnt of the b phrase. It

could be argued, however, that all such expressions are

syntactically ambiguous and that in the cases where an agent

is lacking they should be treated as alto deriving from

the set of transformations listed above. That is to say,

it is possible that we should consider 'The distribution

of the tickets' as coming both from 'The tickets are

distributed by X', and 'The tickets distribute X'. How-

ever, in the program that has been constructed only the

former derivation is recognized. 6 To simplify matters

still further only nominalizations of transitive and in-

transitive verbs (not of verb plus preposition complexes,

look up ETC.) are contained in the test sentences. Yom-

inalizations with adjectives (from adverbial roots in the

kernel sentences) are also excluded. As already mentioned

only nominalizations involving derivational alfixes (as

opposed to -ir&) are handled.

(Mll) Introduction of prepositional phrases as
Post-nominal modifiers

Lees accounts for these structures by postulating

that they are transforms (by deletion of the relative

conjunction and the verb) of relative clauses. The

relative clause transformation operates on a kernel

-¶5-



sentence enabling it to be int 3duced into a matrix

sentence.

X + YX + (,)- Y

where R = • (No) ; R NP (No' + Gen + NPI)

and 3 = WH (P) R + N0 + Z
and

X - Nom - WH Nom - (Prey) Tnr + be + Y --

X - Nom - (Prev) Y

(IV) Prenominal modifiers of the kind 'beautifully

dressed' and 'baked' are not analysed by Lees. We post-

ulate for these expressions a derivational history in-

volving a passive transformation 'Men are dressed beauti-

fully by X', from a kernel 'X dresses men beautifully';

their subsequent inclusion in a matrix sentence as pre-

nominal modifiers demanding first deletion of the agent

and then deletion of the auxiliary and reversal of the

subject and the verb.

X -Nom-Y

T + Nom' -be + En + Vtr - Nom - (Adv

X - T - (Ad3) - En + Vtr - Nom' - Y

The choice of these transformations is explained by

the fact that the construction of a program which will

corr-ectly kcrnelize sentences whose derivational histories

include one or more of these transformations demands the

3olution of certain problems which would appear to be

typical of thoce which would arise if one attempted to



construct a general program of this kind.

These are all forms of the recognition problem.

Clearly one of the greatest difficulties is getting the

machine to recognize which transformation or transformations

nave entered into the generation of a particular sentence.

It is equally clear that it is impossible to produce the

correct kernel or kernels unless such information is

forthcoming. For example, if 'The ball is kicked by the

boy' is recognized as a passive sentence, then, since it

is known that in the passive transformation the subject

of the kernel sentence enters into the by phrase after

the verb and that the object is moved from post-verbal

position .o pre-verbal, the correct kernel sentence 'The

boy kicks the ball' (not, for example, 'The ball kicks

the boy') can be retrieved. But not otherwise.

Notice, however, that in many cases as long as a

sentence, or part of a sentence, can be recognized as a

product of the last transformation to be effective in

its generation the participation of certain other trans-

formations can be inferred. For example, if an expres-

sion is recognized as a post-nominal modifier then in

effect it has also been recognired that the relative

clause transformation has influenced the structure of

the expression, because the grammar states that post-

nominal modifiers can only be generated through an

optiona~l reduction of relative clauses. There seem-



no point for the machine actually to produce the relative

clause, and for it then to reduce the relative claus-e to

the kernel sentence. instead it is an easy enou-hn matter

to wrIte intuct ions for reducing .-e post-nominal modi-

-ier direcLIv to the kernel and to arrange for a complete

ý- -ma ca a~c--ount no f thean tran s form to be Dirnted 4out

with it.

Another case where the order in which tr.ansformations

occur in the generation of a sentence is significant arises

when the sentence has two underlying kernels but where the

.ma:'ix sentence is not a kernel sentence. An example would

Ve the sentence 'John was satisfied by the distribution of

the tickets', where the nominalization (itself deriving

from a passive) is introduced into a passive transform.

Two procedures are possible. The first (and the one actual-

ly adopted here) Is, having recognized the nominalization,

t treat the whole phrase as a single element equivalent to

,iminal group, change the whole sentence back into an

:ictive construction and then to remove the nominalization

-room it. The second involves taking it out of the passive
enternte. But i:. this case Drovision must be made for i.1-

iicating that tne element that has been removed fulf ille-I

t tne c~n:ditions for being an agent. Without this it

i' •Id he iTpo3sO-]e *o decide the structure of tne ke-nel

en.te:•ce, sinc- there is :,o longer any way of finding out

,.:,er- the a-pnrase wa:, an adverb or an agent (i.. this



particular case it seems unambiguously to be the latter)

and whether the structure of the sentence under analysis

is the product of a passive transformation operating upon

a kernel sentence containing an adverbial phrase, with sub-

sequent deletion of the agent and substitution of the nomi-

nalization into the adverbial phrase, or the product of a

passive transformation with the nominalization substituting

in the agent. At its present stage of development, the

theory of transformational grammar is of no help in enabling

us to decide which of these two procedures is to be pre-

ferred, but it seems likely that further investigation of

the "traffic rules" problem might afford valuable insights

into the procedures to be adopted in the kernelization of

complex sentences.

Since only a small number of different structures

are handled by the present program the recognition of trans-

forms afforded no real difficulties. But one can form some

impression of the kind of problems that would have to be

faced in constructing a program for kernelizing more, and

more complicated, structures than those at present handled

by studying the complications that arise from the distri-

bution of forms ending in -ed in the test data. These oc-

cur in the verbal groups of both active and passive sen-

tences and in prenominal modifiers of the kind 'beautifully

dressed men'. The occurrence of the -ed form in the verbal

group is a necessary but not a sufficient condition of a

passive sentence. To qualify as a passive transform the

"-9-



verbal A-~~~rou, iia. thle s~entence mus,-t alsocrt: ato

the verbt to be. Put thesre cni os:.tesie r

Z;t.1l not ufi c Ie nt t c ji Ue the sen t ence a: a rsae

transfocrm. 4n order correct±5 tor dat sir ewe Te

m eal v-a s cocke' an ýd 'Te mealI wasý ccoolked ve.aetatles'

m"n t b~e `urtier Fpeci-fled thýat :in a par~at,ýe -errer~ce a

noun can not, o c c-,r ce d at el1v af t er th ne -se ro t -.e examp-.e

Thows that even. w~hen there alre only ra s-mall --jmt:ber of df

ferent structures to be diotir,ýui.-hed tics- esorý other th-e

recognitacsr rou,-tines can be-come fairly; comr.ll-catec. 0 ne

ca.- fcrsae still furth-er di;.f'ficulties with more complex

sen'tences of the kind 'After t~he tables were cleared

cigars were p~assed round'. T seems clear- that before

sentences of this degree of complexity can be handled a

routine for maigclause bocundaries would have to be

introduced. into trý-e procýrarr._

In connection with- th~e analysis of verb~al -rnurs

it should be noticed tL-hatl In the case of a rassi.ve ser.-

erc ananaysis s necessýary not. only for zone correct

recornltacor of the transform LVt also for ;t- accu.rate

kerrelaiza-tion. The asietran'fo rnataor involves the

ai: t±or of eleme-:,s tothe verbial --rouT.. The eact

: ;,-e ct' thes-e chan~rer-.:.cs determ ' r ed by th~e structure

,'A' trýe ;,erta2 zrolir scurn ftthe kerne] -entence.

The sasly f'The bov; kicks the tall is- 'The ball is-

kce- lb- t-ie i~1 The p '.e ot f'Teohdkce

-s 'Te raa]l had beer. kicked by t'nt Loy'



The passive of 'The boy had been kick.njS the tail' iS 'The

ball had ben heeing kicked by the bty'. Obv-ously a cor-

rect morphophonemic analysis of the verbal group ir the

passive sentence is necessary if the ap~ropriatj verbal

form for the kernel sentence is to be obtained.

The program handles this complexity bt no attempt

has been made to enable to handle the far more diffi-

cult problem of words which are the product of more than
9

one lexical re-write rule.' For the purposes of this

experiment a dictionary has been cc..structed which assigns

only one form class to every word. Thus, for example,

house is entered only as a noun and not as a verb. Ex-

ceptions to this rule are certain forms in -ed which are

entered both as verbs and adjectives. This is to enable

the program to record the ambiguous structure of sentences

like 'The boy was tired' which can be analysed both -is a

kernel sentence with the structure Definite Article * Noun

- Be - Adjective and as the passive trar.sform of 'X tires

the boy' with the agent deleted. 1 0

Another complication the program handles is the

ambiguous interpretation of prepositional phrases. The

interpretation of ba-phrases is a case in point. Any-

where a phrase of this kind occurs after a nominal group

it can usually be interpreted as a post-nominal modifier.

4n addition, in any sequence which permits the Intro-

duction of optional adverbials a b_.-phrase can ususll-

be interpreted as an advAerbl If the ... .ten..e i 0



pa--s-ive tne pr~ras-e can uisually Le takerý a--- aný aresr 1. - S

M ea&ns th at a s ent+.e rce i k e ' T he IaI2I w as i c-e c I n to t e

t~eflky tne ctis amcagou itrewas itctye

taken ac a 2asie entence ir. wni-cs thebyrae

mr terpretei eitner a anr a gent, or a r 1,t-n orr'am !ouiC

of the noun a~n tne p-receding prsor as- aseco~n: adverri-

al phrase (eitrner caetIrJ rlcative)- -> -.e szecorn,

and tn~ird casec it ha:alsoc to be assumed- tat- the t~ertence

has gor~e tarough a t~ransformation delet-ng the agent in th~e

Paszirve tCranslfo rmT.

There a-re, however, certai~n retrciosarising ouýtl

of the structure of the j:.,-phrase whlich limit the number"

of interpretations that some types can tear. 'for example,

the -phrases are not agents in the sentences- 'The formula

was, d.iscove-red by accident' and 14 wast brcugr: ,, car',

where th-ey seem unarnbiguouslv], tLo be manner adverbCial: (an:

interpretation which is reinforced byV the ungramrmasacality

of actives derived fr-om trese senrtences; if. the by-rhra~se

is taken as anr agent * Accident dis-covered th',e formu½'s,
ar bruh hi)-0 nsr that the program r-ejects-

tnhe se ph`ras es ais p o ten t ial ag ent'1,s a d is-t inctic 1 s 1,,nt1.ror-

duced- 'Cetweer. thosce nounsi wnaich obiaoaytake a

dc.ýc:ic refore trtem when teocuinsbectpslo

an-, 'hose (uuLvcalled "uncountable" no-uns, Lol

DlO~~~~~j1~ eIo whc-os rinlv he occu'rrence -of

ne ' at tue :or-mer I:- a ly- r r a se w-, nc t a d e ic icQ m a.-rt.

tren nae asý- as adive: b alI an d c, squ al f ie c i t as, an - a gest



Notice that the reverse is not tre cae-.. - r,, fIe wa.

lbrou :h t Lb, thle car' me fr pcnt oa! r-ra -e can be emtner

an agent or an adverbial.

This distirnctiorn etween noun!- wrich car dirop tre

3eictlc cr1.' wher th-ey form part of prepos ita

al pnranes anr tnose which also drop it.1 is .otner :os:: .

orovides further mot•-vatior, for rot treatnc_, the Sne.t

phrase as a Kind of adverb. it seems also to have more

ae'cL e~ r'r,' * C_

distinction, sometimes proposed, between 'adverbial' and

'nonadverbial' no-nsi 1  The difficulty wit.% thIs sug-

gestion is that _t seems virtually impossible to find a

noun which cannot occur in some adverbial phrare or

another. Apparent exceptions to this rule are those pro-

duced by nominalizing transformations. Tt these are no:

contained in the lexicon. Since there are no grammatIcal

restrictions or nounsF which can occur in adverbial phrases,--

it is not surprising that the program frequently produces

interpretations which are semantically anomalous. For

example, in the case of the sentence 'The boy was embar-

rassed by the question' it produ'ces a Ic is in which 'Ev

the cuestion' is taken as an adverbial as well as one ir,

which it iS taken as an agent. There seems to be no doubt

that the phrase is ifl fact syntactically ambiguous as a

comparison with the sentence 'He put a cross by the question'

shots.

Some restrictions on the syntactic functior. of ,--

prraseo can, however, be made in term? cf 'ub-claes ,- f fnouns..



The ungrammaticality of the sertences which would have

to be posited as the kernels of 'The work was finished

by noon' and 'Coal is sold by the ton' if trie preposi-

tional pt-rases are taken as agents suggest that classes-

of time and measure nouns should be recognized and the

restriction added that nouns from these -- asses carnot

form part of agent phrases. This restriction has been

incorporated into the program. But as they stand the

rules we have posited governing the distribution of

these nouns are certainly not detailed enough0 The

problem is furthered complicated by the fact that many

people would accept 'Christmas bored him' as a fully

grammatical sentence with a passive tran.sform 'He was

bored by Christmas'.

Further restrictions on the interpretation of by-

phrases arise when they occur with certain classes of

verbs. Since tne verb put belongs to a class wrhio

must take an adverbial complement, (*Me put it) in a

sentence like 'The parcel was put by the boy' the b2-

12phrase must be, unamb~iguously, ar adverb. This re-

striction too is reflected in the operation of the pro-

gram. 'ather more tentatively vie have also recognized

a class of verbs which seem to demand that any b-

Phrase occurring after them in a passive sentence be

taken as an agent. The class seems to consist exclusively

of verbs of mental activity - esteem, admire etc. It



might well be that we have eonfused semantic wit'h s-yn-

tact-ic considerations here. But the virtual nOn-OC-

currence of sentences like Ile was admired by the

mountaint I(where the prepositional phrase mJgn-t per-

hapfs- mcpre naturally be taken as ax. adverbial) makeZ

this a fa~irly safe PI-actLical expedielnt.

A necessary conditiorn to be fulfilled by p-repo-

sitional phrases before they can be interpreted as a

post-nominal modifiers is that there should be a nour:

in the sentence in such a position that the relevant

transformations could have linuked the prepositional

phrase to it-. Thus any phrase which occurs immediately

after a verb or at the very beginning of a sentence can-

riot be a post-nominal modifier. Further restrictions

can be derilved fr-cr th,,e fact that certain. prepositions

rarely, if ever, form part of post-nominal modifiers

because of their failure to function as adverbial comn-

plemnents in the predicate of kernel sen~ten~ces taking

part of to be as their verb, which are assumed to be

the origin of most kinds of relative clauses, and,

therefore, of most kinds of post-nominal modifierF.

The clearest- exampA.2s seem to be the prepositior-, to

and into (*ITt is to/into the garden'). But ever. here

diffic-ulty is caased by expressions like 'The road

tO/into Chicago', which suggest that we may have to

recognize a clasZs of ser~ternces with verbs of motion

as the source of thece phrases, in much the same wev



--ernces with adverbr" . omplements and have as the

ver- are postulated aL . source for post-nominal modi-

:-ers containing the preposition with. Nevertheless in

.me present program into is treated as occurring in adverbi-

-•yr: Se-S on;yv, I,;e final restriction on tost-nomixal

Ln[fiers recognized by the program is that which forbids

m 4 introduction of prepositional phrases as modifiers

of personal proper names.

Adverbial phrases, like adverbs, are introduced

in the ker,.el gr-ammar where they occur at the ený ý'_ the

verb phrase. Certain sub-classes of adverbs and adverbial

phra!7ez ar~e divtuýished (Lees has locative, directioual,

S,• nd restrictions on the-r occurrence in

-e9rences- taking part of to be as their verb and those

_vnzor take other verbs imposed. An optional transfor-

:nit>:n generates sentences in which the adverbial occurs

2t the beginning. Presumably in a complete English

-ramrmar one would also have to include a transformation

w•:.h would insert the adverbial between the subject

md the verb, as in, 'The university, during the summer

-"h, offers no Latin courses'. This syntactical

"-,l,:e -s always accompanied by the introduction of

-:a- >unct-ire features on the phonological level,

vt-:7 are regu.larly marked in orthographical represent-

"- - b ~rac-ns• comma.; arou-nd the displaced element.

' e -•- :tc- ing a recotznition routine we

in 7::t.e :hs er prco , itional phrase occurring in

,... • :.rct o markea cannot be adverbial.



Excertions to this rile seem to occur In sentences liKe,

'The congregation on 1hristmas morning listened atten-

tively to the sermon' IThe attack at six oIclock failed

But it seems that in all these cases the nubjec: io tne

product of' a nominaliJat-ion. "orart, 'The boy, on

Christmat morning, listened attentively to t-he sermon',
where t}e insertion of the junctu-e marks is obligatory).

We postulate, therefore, that these sentences are the pro-

duct of a double-base transformation in which the adverbi-

al phrase is carried into the matrix sentence as part of

the nominalization. Thus in the first case the kernel

sentences would be 'They congregate on Christmas morning'

and 'They listen attentively to the sermon'. The program

recognizes the occurrence of adverbial phrases after

nominalized nouns in subject position. 1 3

A present limitation on the program is an inability

to distinguish between the various sub-classes of adverbial

phrases. This would be more serious if it meant the loss

of information which was valuable for diagnostic purposes,

bt there seem to be no places where this happens to any

significant extent. For example, it is obviously an im-

portant feature of certain manner and time adverbials

that (unlike locative phrases) they cannot take post-

nominal modifiers. But since it is the structural

features that these expressions share in common - notably

the omission of deictics - that seem to be the control-

ling factor's here, it is possible to set up an effective

, , , , , i i I I I I



exc>~ ec ~ p:0cV~re tiiz~only tli s infor-

P* a D n wv i o ut r ef e re ne t;o thne act-ial cla-.,ze.- of saverbi-_

-.nnrase invoiveaI. A reason for thinking liqat it Migrht

t.-iec`;asesto which

i v e:.--al wnraoze.- tel ong- is t hat iLt ieem'l that there are

ýer'tairn restrictiLons affecting the juxtaoitono

aaveruial.3 of tne same sub-clans. However, no infor-

-Tiation on this is contained in any of the grammars of

r~hl shat present available.

T'he most interesting by-productý of this research

iitlc the .-rammar of' nrepositional adverbial phrases

.ias been a the i~zzclatior. of a sub-claos of English prepo-

...Lonal phrases hithierto unrecogaized in transformational1

gva~mmars5. The class is very large and including such

Pqr-aae; as 'in lo)ve', 'in doubt', 'in question', *be-

ý.:atn contempot, 'labove Zuspicl.onl, 'in jeopardy' etc.

-ýs most niotable characterist-ic i3 that 't ha-- no counter-

--i-t amon~z the sub~cla,_soe3 of anve-bs. in addition,

~-~e one of -ie-,e expression~s arLswers the -usin

'SW?','When?', or' 'Where?', none of them enter-s em-

, ~ran--ormation.-I whAc'^ i.tr'oduce them into in-

't? e.:t0onS4 A.,,io.`e4 c-arac-erstic of thqese

ýI, C 1- -, ke 1j~ec-,ives, th-eir point of intro-

cno the i3~nna kerniel sertences whose verb

eem, remiin, e-.c) whose rmr

0~ dýL-e tH, D tO be.z From tn i i t fol low:,



that if any of these phrases occurs in a derived sen-

tence in which the verb is not one of these verbs it

must be a post-nominal modifier. This also accounts

for the ambiguity of sentences like 'The judge con-

sidered the boy in jeopardy', since there is an op-

tional deletion of to be in clauses after verbs like

consider. Like time and manner adverbials, and for

the same reason - the failure of the nominal elements

to occur as the subject of a kernel sentence - these

phrases never take post-nominal modifiers. The omis-

sion of this class expressions from current grammars

appears two e a result of the mistaken assumption

that the distribution of adverbs and prepositional

14phrases is identical. This, in fact, is not the case.



!'u]a A-I C1C;O I ee .. ý :togn~ ical Soi tructure

o L iTairgit i c. 7:h ec~' (Ca mLr r e ~ e'X ~mmors1c I9

;1obert P. 'Lee.- The -ramarf ErLLi ý,h7,nJnalJ.zat;i or.

o~~r~Cr Ir~ I 6} p- .AMc( , 4~

p.ci t. p 7-8.

":., fcace fhut zr1 ý~ ar- emendueiet of L~ees transformaticr.

(r 46) p. 6.Lee-, allows only string!s containing trars-

itive verbf- to enter this tran~sformation whilch means

there is no source ux'ovicned for eypressions, like 'the

revo]7,tiorj of the earth'. It is, -mlikely, hiowever,

that the emerdation giver, will serve rsince it seems

that only cer-tair; intransitive verbc- can,. occur here.

'T"he coll-Lsicn of the cart and Itn.e slithering of the

soldiern' .-eem only marginrally acceptable at best.

7.OD. cit. £n 43 p. 109.

Part>v tecause it 4s only 'r. 5ome cases ('the discovery

n -c t "e ý,irl' .:z examrple) :ato-.,. car. fird arny

-- e cf agreeriee t amonor- people asý to whether or- not

tie e R pre- _c ý r-e,,'ly are ?vtict ical 1 artbiguouF.

e M: fiJvcertaIr., rý-owevýer, that there i_- a svr.-

!,ere, _nsi it -'s only1 tne fact

~e ec, r, c e,;L r! .is are semar.It i-

T.- peen- peol:le f'r~om eletectiraz



8. A program which does this is described in "he Final

Technical Report at the Automatic Larg uage Anzlyis

Project (RADC--TDR-65-1i) prepared for Rome Air

Development Center under Contract 'No AF 1O(602)-I2 15.

9. A program which handles most of these cases is aiec

decribed in the above report.

IC. Notice that this still further increases the number

of structures into which the -ed forms enter and

which the program must distinguish.

1I. Possible exceptions are the words hurry and huff

or rather the forms a hurry and a huff which, strictly

speaking, only occur in adverbial phrases.

12. Cf. Lees, op. cit. p. 35.

13. Lees (oR. cit. p. 26) suggests setting up a class

of nouns referring to events on the grounds that

only these nouns can take a time expression in the

predicate when they are the subject of the verb

to be. The solution proposed here seems more

satisfactory in some respects but the embarrass-

ment of having to derive a form like appointment in

'The appointment is tomorrow' from 'They appoint X'

might lead one to adopt both solutions.

14. For example the behavious of adverbs and adverbial

phrases under the nominalization transformation is

quite different. 'The committee decided i; im-

mediately' gives 'The immediate decision of the

committee'. 'The committee decided eit at oncel

gives 'The decision of the committee'. Strictly

speaking this means that strings of the szructure



',lieriri -t ionra, a -vc- Va ~ ax e are no

;ubect to tt> tra'r'iF -Tr at, o re.sreot 'at



A. kerrelizqfio r oce-r'e

The nfr,-i~re of the taF-k~z collect iz-eP' 1-iielei

-ee!r to be O~r~nto a-.LI -rideav-'i<r ffld ,

sffcrts nake ct f an e Thti trr

sOme editinr ~-tir ts e~r beon

-arevious to ise inLr thes comp.u ter, or alterrnatel-, rrcne

by the compute, ir-terrnilly, hi la~tter bein,7 c bv Jcj

the desirable method. Eitiher ap -cert of the p:e-edit>-

rrocedure, or t-eparate from -it, either manuall.- of autjLo-

matically, the u.nits of ctructure in tscornus (phone-nes,

morphemes, words, etc., whatever the speci'fic n~ature of

the task defines as units) are usually provided with som~e

class e&rhetc., p~ r&c: ~to is

ujsually per-formed b~r u dictionary sea.-ch- procedure.

processed, thie corpus is ready for whatever processing

is to takre ol~ice. WYheither the task i- z2, I7:> automatic

language analysis, et-c., the r-rooes'.-JinH pha,3e sal

consists oil 3ome kin~d of recognition p-ocedure - iL~uallv

involving, an environmert Szcan procedure - and a

=anipulatio&- proceduire. Sometimec- the altove tso phasne'.

are completely mer-ged -nto one rc~:nmn~lto

rprocess. olw ,ets-peii r e7<

final editing phase iF iLý:-dcated whner-e t-e rmt

t'-e cýzip-2tatiir- zor proce--il- are a:a.<2

7narially or 3'rtoraticallv, in -a- fcrTr 1.7 e
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-c~ e:--c:it io of --rieotic freq';e:---ea -are t•o-
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of' the grammar in the routine, the 3ec¢nd alternative

was adopted.

The Sample Kernelization RouItne was coded

for the IB[4 709 digital computer c,,19tem, using the 1W

Commercial Translator system as a suburdinate of the 17BSY

Loader system meant sacrifice In the efficiency of the

object program, it guaranteed increase in the speed and

ease of both coding and debugging of the program.

The task-specific portion of a Detrans-

formation program may be constructed along either of two

plans: a recursive or a non-recursive heuristic.

The recursive heuristic (Table 1) assumes

an ordered set of rules in the generative system, though

it can be adopted easily to deal with a non-ordered

grammar. The detransformation takes place "layer by

layer"; that is to say, a sentence is detransformed

immediately upon recognition of the "most recently

applied" transformation to the state of input to that

transformation. This process is repeated until only

the kernel(2) are left. The advantage of the heuristic

is that it produces all the intermediate stages in the

"generation" of the sentence, thus yielding not only a

phrase structure tree, but a "family tree" of the input

Detransformation: the operation performed to recover
the source-string or input sentence of a transformation
from the object-string cr output senterce and informatior.
about the transformation involved.



e~e~e,-~13.- o,-,ible (as 04' yet -vntried 9- t,

lere~l Jet.-*-! rinat-.on-t ranjformat ion combination.

, iat ::~l pr-u'xace whole families oI'ý transforina-

- d -; elate.. .ýer.n nceý;. S uc h a ieu i is~ '.i.c ~ee ir, t ýj

u.%;t emp' .,,ea -.. basic re.zearci., t ex

m rel.; cxmn~er:'o.ne :U:) any di-rect applicat.-on Ln MT , "R,

The non-recut'.uve he~i1'L'tLC (Table IL)

air~. urd.er'ed .;e*t ,-f r-ile., in the generative g~rammar.**

- )mplete trar.iforinatiornal nistory of th~e .3ertence

.u~'edb~-e th enelization procedure takeu place.

"raeF~rrielizR~t.on then. can be a single operation or a

,c b.-, .;+ep rhijý Is a lesj .atisfactor'y scheme

*týie pirpoiez of baoic reoearch, bi~t t:-e --.yztem ujtiliz-

it Lsý simpler than that of tle previoii.; heuristic thtio

A- 1.': tg A -,hurter exeCit-wor timne for tnie program. Since

.tie purpose of the experiment wan the investigation of

t'ie fea!-Abilit:/ of a IXernelization Proceditr3 for Tr or

-application, the non-recoi'-3ive heiiristic was adopted

:z'r tne preaient, experiment.

-:ne f_)-recti-.25v'e heuiri.;'tic for tion-ordered grammars



Appendix A.

Card Punchin.g Conventions

The input of tne Sample Kernelizat ion iout,.ne consist.

of a lexicon and a corpus. Both are punched in __B2Y cards

according to the specifications given below, tnen transcribed

onto magnetic tape in standard, 84 column card images. Both

tapes are unblocked, single file tapes.

section 1. Lexicon card format:

columns I through 18: alphabetic text item (zero paddingý)

"It 19 through 66: indicator code information (no padding)

67 through SO: not examined

The Indicator Code for the Lexicon:

col. 19 verb

20 verb + ed, verb/adjective + ed

21 part of be

22 part of have

23 verb subclass 1.

24 verb subclass 2.

25 modal verb

26 transitive verb

27 intransitive verb

2 F verb/adjective + ed

29 verb + ed

30

331 preposýitior suibclass 1.



punotI at-ion, verb

minct'i a'.io r., nouan

ounctu'vation, verb, oupreposýlit~n, ajv,ý:u_

punoý jat ion, verb

ecr% coai 2. ao~i revma

.t23n sentence star t. --n ý. Cir olan of a ewca

W2 jare s--ePara:-._iý b,1 si, l biank columns.

-2 he 2irs;t evtywocobLimjýs o' the cards3 are used.

-aijod is the or.]. perm_: 3 and recogn ized." puAnc tuat i -n.

.e-.Loos are sepjarated from the last word of tt'ie sentence

a -single blank columni.

a setenc is onger than seventy-two punch positions,

tr.en the two cards (712 colulmns each), are to be regarded

a- a 144 column- long.., corI'4ntinuous card. (for example-, see

*inrut sentence can be mrore thlan fortyi-one wor-ds: or 132

--ntposit-ions, in- length.

wor-d can be mo-e than eightee". letters an length.



34

35 adverb

- .5,, adverb

37 adverb

38

319 of,

40

41

42 deictic

43 noun

44 noun + s

45 nominalizedr noun

46 noun subclass 1.

47 noun that is the nominalization of a transitive
verb

48 noun subclass 2.

49 noun subclass 2. & 3.

50 noun subclass 4.

51

52

53

54

55 adjective

56 deictic

57 adverb, punctuati&on

adverb

59 adverb, being

60 adverb, part of have

61



Arvendix B.

Filnal Form of thel IndicatoS Cot!*

The indicator code occupies two 36 bit machir~e words.
First Word

S verb

I verb + ej, verb/adjective + ed

2 part of be

3 part of h

4 verb subclass 1.

5- verb subclwss 2.

6 modal verb

7 transitive verb

8 intranpitive verb

9 verb/adjective + ed

10 verb + ed

11

12 preposition

14 preposition subclass 1.

15

16 adverb, adverbial prerositiona! rhrase, rogt nominal

modifier prepositional Dhraze. 3-rd order bracket

17 adverb, adverbial mrezositional bhrmae

18 adverb

19 very

20 of

21

22
-. 30-



21 deictic

25 noun +

'26 nominalizp'c rrm

27 noun subclass 1.

pe noun that is the nominali~atior of a tr-arqitivp vorb

22 noun subela~s9 2.

30C. rolr subclass :. Ae A

11 noun suboalas 4.

15

3ecorrl d

adsjective

1 '2e,_Ctic

a~I punotuate-cr., a 4

S advert

advert, beinpf

z' ad.ect1 re -a-, i z ic a 2-r~cl ordler bracket

pazlv ~Ve :.-Ir.pa-e, k&cticr. rncJir&aiZati3r oftrite

vei 1, pur~cý.uat..cr, r oLmi!,a2.ized nourz. phras-e

ISour,. pur.ctuatioi,

1 vert, rcin., prepocition, adver!b,,p.~t:tc

11 1.erl, r'o: ,ru (-tuati or, pz~sý-_ye verL.--ph)-a,_-e,':-kua

r-1ir in f arybace



12 punctuation, panwive verb-phrase, arent phras-e,,

a~vOV o~iinalization of a trar~ziti-:.e verb

13- puarotuatior, výas~-;i8ve crt-phrase

14 punctujation, verb suibclass 2 i~r a passive verb-phrase,

15 sa-me a.- 13, pIns acti.on PoI?4iralization of a transitive

verb

16- first order bracket jý agent

17 Punctuationi, -nominfajized ro'in phrase

II fir -,st Order bracket

19 second order bracket

20 third order bracket, post nomranU rodifier prepositional

phrase

P21 plral

22 bracket

24 post nominal modifier trepositional phrasýe

2;- agent

L6 adverbial prepositional phrase

n27

28

22 passive verb-Ehrase

30 noun-phrase

31 noun-phrase that is sutject of passive f~entence

312 nominalized noun-phrase

33 actic:n rominala7ation of trarsitive "e'b

34 action norinalization cf intransEitive verb

35 psieapr-nominal modifier

pas~iv- ac7pr



Appendix C.

The Samine Kernelization 2outine

?hae 1, The lexicor is input and is converted to internal

format.

Pass 1. One sentence of the corpus is irput, converted to

internal format and furnished with dictionary infot•atior.

Pass 2. (Processing from left to right, each word is pro-

cessed even if it is already irside a bracket. "WORD" de-

signates the word ir the corpus currently under scrutiny.)

i) if WORD is verb + Id or verb/adjective + .. , then

go to Rout A.

2) if WORD is a nomrialized noun, then go to Rout T.

3) if WORD is a preposition, then go to 3out C.

4) if none of the above, then go to next word for

processing.

5) if and of sentence is reached, provide terminating

punctuation, then go to Pass 3.

Rout A. (part one of this routine recognizes noun-phrases

containing passives as pre-nominal modifiers; part two

recognizes passive verb phrases.)

I) is WOAD immediately preceeded by "very"? if yes,

mark WORD as adjective and exit.

2) is WORD proceeded (ignorizg "being" and adverbs

only) by part of be? if yes, go to Rout A., part two.

Ract Bone
3) is WORD preceeded (ignoring everything but

I I I I I I I I1 II



z r bi-a.ckle t e ve rb, e' e. -rkti a½ Vr ixe

eer -prrr a r r;cu r- -ra ec- Yr an YwI rack e ed

Atn or, any.1 fc rýa e : et, *re, exit.

4~

aour eA C , tenr exsc!:t z.f e -

"t (Z -ce V sts A ¼~rr¶*

or1 ' a 'ej ct ie? if Yes., close e "ecor-i oter

7) :-'WCD iteiatlypreceeled by at. adlverb? if ye,

c.lose te se ccnd ordler bruoket iýefcre hile advert an".

5 cl o e tý-e -ecovsi order I-racket before the W7
9)call co~rte-.. ofl the second or~ler- bracket- a.- "ro-u:

rha- withJ ra.-s:.ve -as rer in mcdi tier'. - et

t':e rurn'cer ¶airker to eq-ial that of th-e lasýt nounm it.

the bracket., a--d exit.

par-,t two

Ii open. ieco-d order b*[racket after the vert , ed.

2) is part oýf be preceeode (ifrn only adverbs and

p~arts' of have) wy a rmodaj. verb;? if yes, then. cdo

the c-ecc:2_, crider 1-rack-et bef,> re t}'-e miodal yert an~d

S) is part of te -receeded irnn adv:erbs, only) by

pa-rt cf ',.ave? if yen-, ther. closze the s-econd ordýer

trac.ret t. '- the partý of have, a nd -7 t c .

4~ cloe - sot V,-4esr biacket befu-re part ote.

S)cal] zrýe cJ1nte:;ts of the sýecond ordier bracket as

", as3,. we Vebphae" nd exit.



Rout B. (this routine is designed tc recognize noun-

phrases resultant from action nominalizatiots).

I) is WORlD immediately preceeded by a deictic? if"

yes, thern open second order bracket before the

deictic, and go to .,

2) open second order bracket before WOCD.

3) is WORD immediately followed by "of"? if no, then

close the second order bracket after the WORD, and go

to 5).

4) find the last noun followirg WO'RD, before crossing

any verbs, prepositions or adverbs, and close the

second order bracket after such noun.

5) call the contents of the second order bracket as

"action nominalization" and set number marker to

singular.

6) if the first noun in the phrase is a nominalization

of a transitive verb, then set marker to "transitive",

and exit.

7) set marker "intransitive", and exit.

'out C. (this routire recognizes prepositional phrases and

assigns them to one - or more- of the following categories:

adverbial, post-nominal modifier, and agent).

i) open first order bracket before WORD; find first

noun following WORD (ignoring everythirg). Is this

noun followed by other(s) before crossing any verbs,

prepositions, or adverbs? If yes, then close bracket

after the last one of such nouns; if no, then close

bracket after the first noun located.



2) is the 1a_ýt rorin the first order bracket a member

of noun, subclas ?S if no, go to0)

3) is W 4t aediately foll1owed by a dejotlo? if yes,

th-en go to K

4) is W*0% i-mrediately preceeded by a yonI ye,

then- mark category as "post-nominal modifier" ard

exit.

-m) ark tate,_zcry as_ a-1ebal an-d exit.

6) ps waRID "by"' if no, then !-o to 11).

7) is WORD followed (ignorin~g deic-tic) by a nomina-lized

noun? if' no then go to9)

B)mark categ,,ory a.3 "agent"; mark number as "sing-ular"

an d e x it..

9) is WORD preceeded by a verb of subclass 2 that is

part of a bracketed passive verb-phirase? if no,

then go to 11).

is WORDT immediately preceeded by a bracketed agen~t?

iff yes, tnen 4-o to 14).4

in), mark category as "agent"; mrark number as equal to

that of last noun in.- the frtorder- bracket; exit.

11) ný WCý-` a member- of preposition. su-bcla~ss I" i.f yes,

th'en mark catewory as- "ad'verbial", and exit.

12) sWQhpreceeled (anywhere :r, the sentence) by any

v.ent- or any nour-pýa!. V~Coftairnirw action

1K ar cate~zorv a.:7 "ad~verbial" and ex-t wit.h tn~e

'-entence; qi--u zreate -upl~iCate c-f trle sýentenlce marked4



with the last w'Ur2: prCce•-sed, place duplicate

sen'tence in pushýdown. 7tcrage fo~r ;r:ýCzeslzig to

start at 3out t,, rzle ,

14) ir WCRP immediately preceedec by a noun. that -s

not an action rominalizaticn" if no, ther. 7c

to22

15) is the Last noun in the first . order bracket a

member of noun subclass 2? if nc, then go to 17).

15) is the noun preceedin. Wflc a zember f-

class 2? if no, then go to 22).

161) go to 21).

17) is the noun preceeding WOCD a member of noun

subclass 2? if yes, then go to 22).

18, is WORD immediately preceeded by a first order

bracket, the last noun of which is a member of

noun subclass 4? if yes, then 7o to 22).

19) is WORD immediately preceeded by a first order

bracket the last noun cf which is .not inflected

with an "s"? if no, then 4o to 21).

20) is WORD i-umediately preceeded by a noun that is

in a second order bracket, a-_-. i It i turn

preceeded -;.n ½ econru order bracket I:% a

deictic? if to, thern *o to e2)

2 - to 21).

"2' •) is the nsur that preceeic WýD, Ir;,rr rrecee_4e

r. ad -, c ives b - a -ei i o tAer.

go to 22.

21) mark category as "•;•ct-romr:nal moiif~er" an

exit with the e.tenc"e NY:" - "L"' ten



ýnzt *>-: bat e o- o -~ew

V?~~~( C.-'~. 7 .u

wI te t9eia ~ ±

- -I e x ,

?4) m1Tark ?~eit~enoe ":eiect! I jot ct al'.":,:Le~ jtw

'ycry" and exit.

20 isF W0T im-m ediai-t elYr prece e de I bs aY C

memer f erb-*bclas2 Y' :i'

26) isARTcreceedied (Jimot'-ir.te everyt-,ir-- i a ern

r.asslCvie ve rb-praoi-es-3 ad action cuaiia c.

of' transitive v _As) byv a rs ive verbpo

an action, noniralization of a transi-tivevet

if14 yes, thien gZo to :2.

2 iP the last n:.in t'he :irst orde_- brack-et

:erne r of clQUT: snib~clac o ?ify., e

to 12).

24 teTa r~ 5'. en to t zir cao-s

nvezbe L :Oi, czcic I? i e te

to



30) is tVe last noun in the first ordie. bracket

inflected with ar. "s"? if no, then zo to 32).

U1) mark category as "a ýnt" and mark rumber as that

of the last noun in: the first order bracket; exit.

3 ) ro to 21).

on.__one (process from left to right, starting a- the

first word of the sentence).

l) is there a nominalized noun-phrase in the sen-

tence? if no, then go to part two.

2) open a third order bracket before the nominalized

noun-phrace.

3) is the action nominalization that of a transitive

verb? if no, then go to 6).

4) close third order bracket after the action

nominalization noun-phrase (ignoring any con-

tinuous string of first order brackets).

5) starting processing at the end of the third order

bracket just created, go to 1).

6) close the third order bracket after the action

nominalization (ignoring any continuous chain

of first order brackets, except those of the

category "agent").

7) go to 5).

part two (proceed same as in part one.)

8) is there a passive verb-phrase in the sentence?

if no, then exit.



'antzacketel em~(>>~j o hne

Op er;. .ecOn~ e: er bf acket aten sc:- an item..

1>-l. ecn~I er brackIiýet' et c e 't . ~a t ieT

(goi ng let tJ- suii.ff.akti51i

rnot an adve-rb..

1) mar>, :ýcrct "a-ieo -'-ptae', and exi4,

ote: All rejecteI' sentences are immediately- outpnut,

r -~- fr r.'i n o y isrfw

storage 1 - ot emo~tiec untill t-he processzing of

thoc qentence under- con'~sidera-tic. 'is termninated.

Pa.s 4. 2ýetransformiationn.ý

o'tet in the fol'lowing, section, an. abbreviated notation.

is uised whore key is given below.

The term "free" means that the item in questioc,

is not inside any brackets. In thýe case of an

"Iagent", it means3 that the ag.ýertvive preposit-

ionial ph'-ras-e i- not inside a third order br-acket.

(1), (2), (3), eacn the ctring contained 1•r a

fis seconud or third crder bracket.

"-toocc meats; 'v pnst nominal modifier p~reposit-

f~r~al rlhra-ýe. TP-ilas mear.s tnie nas-~ie verb-

-meanc' any roun.-ph-rase; WP->i mean-, a nomi-

nalized. nounr rhnia-7e (withl- nos~sible in-dications-,

u: te trofi~i vc the s--ource verb)

WE-V7/A te%_ :z a noun-phras-e c-ontain~ing a passýive

~"Žier.



A port io!. of the Ftoý,a.e uses it te `41etrt ff E:C

rnationral siection of tihe po.rram- ctit&Of .ever.

separate Fections,ý- labeled succec.:sively arz /3'/aft,

/1/'aft, , /2ya t, .4 ... //a ft, e ec to tIOeP+e

names are referer,ýees to th-e nane-3 --mecticns cf th,-e

mnaohines- storaw-e.

Thspass recognizes the specifictatfrnaan

that have beer perfor.;ed- or, th-e object s-en~tenc.;e,

and on the base-- of cuch inforrnaticr will atteript

kerrelizing the s-entence. T^he Tassit-e 'eat rars-.

formation, will be attempted first, in everyr cas-e;

the two nowiralizations will, be attempt-ed n-ext,

and finally the Voco.

in any stage off its- decomposition, th-e sentence

will f'ollow the above order. If, 'havir g attempted!

all tour de-transf'ormation8,., none of them apply,-

the sentence is assiumied to be a kernel and wil)I be

placed on the output.

Pre-Detransformatxcn -Dagostics

i)io there iii t),ýe sentence a (2) marked flvP-PasII?ý

if yes, go to the Passive P~a-transformation.

2) is there in the sentence a (2) mnarked "INP-Nd"?

if yesý, goc to the '%ominalization Tle-transfor-

mat ion.

3) is there in the sentence a (2) marked "NP-7Y/A"?,

if yes, go to the verb/Adj-ed Pe-trans"ormation.

4)is there in the sentence a (i) marked I'Woco"l?

if -es, yo to th~e Voco De-transformation.

-414-



S output the sentence and return to Overall Control.

Passive Detransformation

1) are there any adverbs immediately after the begin-

nirg of the sentence? if yes, move them to /0/aft.

2) move first 7P following the beginning of the sentence,

and all the (3) cr unbroken string of Mocos fol-

lowing it, to /4/aft.

are there any prerositicnal phrases or adverbs

following the item last r.oved? if yes, move them

to /l/aft.

4) move VI-Pas to /3/aft.

5) are there any adverbs and/or prepositional phrases

not equ. free Agents, following the VP? if yes,

move them to /5/aft.

6) is there a free Agent? if yes, move what follows

"by" in the Agent, any unbroken string of !"ocos,

or th.,e (3) it contains, to /2/aft. if no free

Agent found, move X to /2/aft; go to 8).

7) are there any unmoved items foll owing the free

Agent? if yees, move them to /6/aft.

8) do VT YorphoCraphemics.

9) delete all indicator codes marking items as Agent,

VP-Pass, NP-Pas.

IC) mark history

ll) convert and exit.

Passive As Prenominal Modifier Detransformation

I) move the `p aria any unbroken string of Yocos folm

)nwirge it to Working Storage.

2) replace moved string by "X" in the Matrix string.

-42-



if~ "Xf is preceded by a ~re As. 41o,

indicator code of the pr-ep to the lrd•. code of "X".

3) push down the !'atriy string.

4) move X to /o/aft.

5) is there a deictic at the head of the Ftrin6? if

yes, move it to /2/aft.

6) is there an adverb in the phrase? if yes, move it to

/4/aft.

7) move the verb/adjective to /i/aft.

8) move noun and any following string of Mocos to /3/aft.

9) delete all but the ,oco bracket information.

i'0) mark history.

II) convert and exit to Mocos.

Transitive •pominalization Detransformation.

1) move the 7P-'-d and the rest of the(3) if there is one,

to Working Storage.

2) replace the moved string by "X" in the 1-'atrix string.

if "X" is preceded by a preposition in the Yatrix

string, then move the indicode of the preposition to

the indicode of "P".

3) push down the Matrix string.

4) move the -ed verbal form of the "'d noun to /i/aft.

5) if there an "of" following the Nd noun? if no, move

"X" to /2/aft; go to 7).

6) move the noun that follows "of", the deictic that pre-

cedes that noun (if sFh exists) and any unbroken

string of Pocos following the noun to /2/aft.

7) is there an Agent following the moved itemE? if no,

, , , , , , , , , m~ -m - ! ! II



mmove "" to /0/aft; f o to

move contents of Agent bracket that follow "by", anei

any u-nbroken , z trir. of -oco' fLotowin,ýg that, tc -,--/afL.

9) move any Uinzov2J1 ;rerosioral -bra-e< tc /aft

10) delete in /0/aft all in-formation marking item., ac agar't.

11) delete throughout any informatior marking items as a

nominalizati on.

12) mark history.

13) convert and exit to Yocos.

Intransit ive Fominalizatlor fetrars f ormat, ion.

1) through 3) is same as transitive nominalizatior, detrars.

4) move -ed verb form. of ',.d nourn to /i/aft.

5) is "of" immediately following "d noun? if no, move

"X" to /O/aft; go to 7).

6) move deictic follcwiz.g "of" (if exists), noun, followinc

it, and any continuous string of Ma'ocos following the

noun to /0/af*.

7) move any leftover (1)s (if exist) to /2/aft.

8) delete throughout any markings of NP-Nd or (3).

9) mark history.

10) convert and exit to *,oco.

Moco Detransformation

i) move Moco to Workina 3torage.

2) push down the Yatrix string.

3) move "X" to /0/aft.

4) move "is" to pcsitiorj /1/aft.

5) move Mooco ,/2/at.

6) delete all markings of brackets.

A4"



7) mark history.

8) convert and exit.

"VP Morphoiraphemics 2_.o t•

find part of be (p.o.b.) prec. V-e6, ignoring adveris

only.

a) is p.o.b. equ. "is", "are" if yes, delete the -ed;

go to A).

1) is p.o.b. equ. "was", "were"? if yes, go to F)

c; is p o.o. equ. "be"' if yes, delete The -cd; c tc .

d) is p.o.b. equ. "been"? if no, go tc .

e) find part of have (p.o.h.).

f) is p.o.h. equ. "has"? if yes, go to A4.

g) is p.o.h. equ. "had"? if yes, go to B).

h) is p.o.h. preceded (ignoring adverbs only) by a modalV

if yes, go to V.

i) go to Ai.

A) if VP-Pas was marked plur., substitute stem form for

verb. if it was sing., then substitute the plus s form;

then go to P).

A4) if VP was marked plural, change "has" or "have" to nave.

if sing., change to "has". then go to B).

- delete part of be. move up the rest of the sertence +o

close the gap. go to De-transform diagnostics.

') a) replace V-ed by V-inF.

t) is p.o.b. equ. "is", "are"? if yes, is the '/T ?inh9.

if yes, replace p.o.b. by "is", otherwise by "are";

go tc ?).

C) is p.o.b. equ. "was", "were"? if yes, is the VT

4:;:



by' "were"; go tc )

di is p.c~tb. eq'..x. "be"?I it yes, go to D

e) find P.o. 'h. preceedirgý the p.o.b. i~norirrF

adverb- rl?

f) is p.o. Yh. equ . "had'? if yeo, ao, to P

g) ip p.0. n. preoetde- 1mrn adverbs ori aw

modal'? if yes, 7-o toF.

h) go to A)



Appendix n.

The 3ample Kerrnelization 2outine is t be ur.4 er

the -BSYS Basic Fornitor In. the tomrercialrar,:at'&-' :v. te.,

on the I•M 709 computer.

3ystem setup procedure is standar- IJY3: the inp-,t

tape (sysinl) is to contain the 1 P2 V control cards, the

binary deck of the program, and the lexicon.. The corpu-- i

mounted on a special input unit (sysut4t.

if termination of the program ii desi-ed after pro-

cessing the available corpus, then pannel key 35 ii to be

pressed down sometime after the start of the prc:'fam. If

key is not depressed, program will halt awaiting new corp'i-

to be mounted. 'Restart then can be achieved by pushinr- the

St;art button.

The depression of keys 31 through 34 will produce an

expansion of the output to include intermediate "uflz o

working storages and various internal diagnostic-q of the

program. With the above keys up, theýe piatnontic ;ro-

ead,,ras are bypassed.

'.he ouitput is ulnblocked, to be printed or ar T?'" I.-1

with a 132 -csttion printer. The cuitout tape i: tern-JLnae

by three end-of-files.



The program au'omatically e'windid all tapes except the

system tape.

Note: Appendices It F, and G are machine l±3tings and are

attached as such.

• •| ...______ ..-.- . . . .
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te t,: Was u e- .- .e . arswe e r- wc q>,e I . o1 n

I) How lloe! the informatior'. ccntent of' ar. OrIz1n.5. ...

sentence compare wth that of its kernei zed ,form"

2) How well would re:-searchers be able to read Prin'tout- froir

_uch a data-analy.sis program?

Wi-th regarl -'I to the it vir eeates i-

were run on groups of "naive" subjects (not acquainted with

lingugistics or kernelization) and on several project staff

members. It was decided that analysis o!o any changes ir. tfle

information content of a sentence during the kernelization

process requires thorough study by logicians,

Concerning the question of the "readabili-ty" of proposed

printout formats, three forms were compared (Test V): a form

in which an "answer"-sentence printout would be in regular

English, one in which the printout would consist of sentences

in kernelized forms but with any syntactic ambiguities re-

solved (i.e., only one kernelization printed out for each

sentence), and a form in which all possible kernelization-in-

terpretations of any one sentence were printed out (leaving

the research to resolve the ambiguities). I-eaoe Corps vo-lur-

teers undergoing training at Indiana University were tic

subjects, being requested to read a set of four sentences in

printout forr, and answer questions concerning their content.

The results showed no significant difference between



the comprehensibility of English and ambig*ity-resolved

k9rrnelized forma; however, comprehension oý the amoiguous

kerrelized forms was extremely low, subjects often choosing

the incorrect ambiguity-resolution form.

The prime conclusions and recommendations from this

phase of psychological testing were:

1) It is predicted that there will be a problem, if

such a program is put into use, of acquainting researchers

with the process of reading printouts in kernelized form

well enough to be able to "reverse" it in their minds. For

this purpose an extensive but simple and concise syllabus

will be needed.

2) In reading kernelized printouts, inference will be

a problem. In some cases it is easier to infer information

not explicitly contained in the printouts - when such in-

ferences would not be made from the original English version.

3) The presentation of multiple versions of ambiguous

structures, i.e., kernelizing a sentence once for each re-

solution or combination of resolutions of syntactic ambi-

guities possible, puts an intolerable burden on the reader.

,1) in genera]., then, full kernelization would seem

to be undesirable for any ordinary data-retrieval purpojes.



The passages below consist of individual sentences from

a paragraph of a semi-technical book. Your task will, be to

read the passages and answer several multLple-choice ,auestwos

concerning their content. ThIs is not a test of your abilitv

to comprehend. The test, as will be explained later, is

designed to explore the information content in the passages

themselves, and, i repeat, not your ability to comprehend or

extract such information.

For each paragraph of0 listed sentences there is a group

of maltiple-choice questions. Each question is limited to a

single sentence, but there is not necessarily an equal number

of questions about each sentence -- some may have three ques-

tions about their content whereas others may have only one.

You will be allowed to refer to the sentences while

answering the questions. ?lease don't feel you need to hurry

- give each question as much consideration as you feel neces-

sary.

Record your answers on the answer sheet provided, by

circling the letter of what you feel is the correct answer.

Please answer all the questions, even if you must guess. .'

you have any questions concerning these instructions, please

ask them now before you begin.



"Regular Test"

A. It would be outside the scope of this book to disci::;

Ptolemy's elaborate attempt to deicribe the complicated

movements of the nieven planets.

E. Briefly, taking the earth as the center of the univer:3e,

he explained the heavenly pnenomena visible to the naked eye.

0C. He alzo forecast the position of the sun, moon, ana

planet.: at any given time with fair accuracy.

D. The unreliablity of hi.s planetary theories came to

light only when :more exact instruments were devised, a

development which took place long before the inventiorn of

the tole,3cope.



Instructions for "Kernelized" Tes.

The passages below consist of individual sentences from

a± paragraph of a semi-technical book. The r strange focm iý:

a new type of grammar which we are testing. Your task will

be to read the passages and answer several multiple-choice

questions concerning their content. This is not a ,est o!

your ability to comprehend. The test, as will be explained

later, is desig'ed co explore the information content in the

passages themselves, and, I repeat, nol your ability to com-

prehend or extract such information.

Since we have broken the gentences up into smaller one.,

they are interrelated in ways it i!' difficult to show. ro

:;olve this problem, those relationships are expressed in

either of two ways. Some interrelationships are denoted oy

a symbol (such as "X"), which is defined at the bottom of the

liot. This symbol refers to one of the other sentences whics

could be inserted (for example, as a clause or prepositional

phrase) in place of the symbol. For example:

(KI) Johnk went to work for X.

(K2) Johnk earns money.

Where X = K2.

This is a "break up" of the sentence: "John went to work to

enrn money."

The second method of showing an interrelationship con-

cerns the use of a subscript. If a word or set of words

xvi-ch appear I-n different "Darts" of a broken-up sentence



refer to 'ne ;._ame recific thing, this is dbnocea by mean ..

Of a -ub.;cript ,itt ehei to each word: e.g., "John" in both

sentence-parts a•oovs refer' to the s;ame "John", neree both

nave a cimilar oobscrL- p "- "

Pot each li•-•t o: sztenrce-part- there is a group of

multiple-cnoice questions. Each question lo limited to a

2ingle :sentence, Lt 1 t:ere Ls not nece-sarily an equal

:number or queotions about each total sentence - some may

have three que.;tio:_ aboj t j he1? content whereas othert'

may have only one.

Vou will be adlowed to refer to the sentences while

answeri-ng the 1ue,:tlor3. Plea:'er ol'Ot teel you need to

nurry -- give each que.;tiori as muicn consideration as you

feel necessary.

Record your answer,,i on the answer sheet prcvieed, by

circling the "etter o)f what you lee ips the correcnt answer.

Please answer all the questioný, even tf you mu.-' guess.

If you have any questions concerninr these instruction,, ..

please ask them now before you begr,.



"tKer:aeiizeu", ....•.c_

A. (• ) - uook nn= a •copek.

(K?2) X wou'Lc ue outsiie a -.copeK.

( ~One c,+ue+v

4V4) Ptolemy attemptea Z L!, ar; elaborate way.

(K5) Ptolemy uescriLe: W.

(Ko)) The jevern planets move in a complicated way.

Where X = V3, Y = K4, Z = Kc~, W =

.(I) We de.,cribe X oriefly.

(Y2) Ptolemy explained heavenly phenomena by mean-z o.3

(K3) Heavenly phenomenaj are visible to the naken eye.

(K4) Ptolemy took the earth as a centerk.

((5) The universe ha.9 a centerk.

Where X - K(2, Y = K4

". (K(1) Ptolemy also t orecat X fairly accurately.

(1'2a) Trie surn is in a position at any giver time.

(K2b) The moon is in a posltion at any given time.

(K2c) The planets are in positiono at any giver, time.

Where X = K2a, R2b, K2c, Y = K3

(K1) X came to light only at a time i.

(F,2) Planetary theoriesk were unreliable.

(K;) Ptolemy had planetary theorier.

(K(4) 3omeone devi.sed more exact instrumelnts at a time

8(K5) Y is a development



(F,) A roeveiopmentm tooK place Iong before timet.

(KY7) ý-omeorie in'erniten the telescope a4, timet.

Wher'e :2, K49 Z - 7

Questions

1. Ptolemy

a. co;> iie'- the earth a:' the center of the irniver.;e.
b. !,aid nothinm of vio,`ble heaverly pnenomena.

c. wa!. co::cerneat wtý how far the eya could 3ee.

1. had good ir..- rument:. to work with.

2. Ptolemy's planetary theories;

a. were trumtworthy.

b. were proposed after the invention of exact Ln!tr>irfet

c. were ,inreliable.

i. were proved b,- the tele.cope.

3. Ptolemy had tair accurany

a. in devl;,ing ob.-ervatliwial instruments.

b. in the .;cope ot hi.- book.

c. ir predictinr, the po3itions of the sun, moon, ai i o p

li. nr :nLnneiflo the center of the earth.

The above pas:,e

a. -ipeaks of the nature of light.

n. telli nuw Ptolemy explained the light from •tar.

c. has an elaboorate .:cope.

a. cannot di.•cu8;. Ptolemy'.: whole theory.



5. Ptoiemý

a. could forecast the positio:n of tne au: a
particular time.

b. invented the telesr'ope.

c. wrote -he book from wh Th the na.--a.ee are takei;.

d. devised very exact in-trument-.

6. Pt-tolesy e--~eip-*t-e4-d-o

a. write a book in an elaborate way.

b. describe the planetary movement.

c. oxtend his ,cope by a discussion.

d. develop an elaborate telescope.

7. P'tolemy's planetary theories

a. involved a theory of light.

b. were proved unreliable only by the invention of the
telescope.

c. were included in the scope of his book.

d. were proved unreliable by the invention of more
exact inntruments.

8. The universe, according to Ptolemy,

a. is visible to the naked eye.
t

b. has a huge szope.

c. has the sun at its center.
d. has the earth at its center.

9. The invention of the telescope

a. enabled Ptolemy to foreoast heavenly phenomena.

b. occurred after Ptolemy's theories had been proved

unrolimable.



C. begrn toe rrOcess of developing more exact
i - st rime .....

d. spawneý Ptolemy's planetarY theories.

.eIn Fr'pet Crcder

1. Ptolemy attempted to

. .write a_ ook in ar., eiaborate way.

(X) b. escribe -he planetary movement.

c. exte-id -;is scope :,,i a -fi.,-.cussion.

d. develop an elaborate telescope.

2. The above passage

a. speak' of the nature of light.

b. tells how Ptolemy explained the light from stars.

c. has an elaborate scope.

(x) d. cannot discuss Ptolemy's whole thecry.

II. 1. Ptolemy

(X) a. considers the earth as the center of the universe.

b. said nothing of visible heavenly phenomena.

e e~~ wa oere vith -how fortk *" e.oou4 sae.

d. had good instruments to work with.

2. The universe, according to Ptolemy,

a. is visible to the naked eye.

b. has a huge scope.

c. has the sun at its center.

(W) d. has the earth at its center.



Iii. 1. Ptolemy

(X) a. could forecast the position of the sun
at a particular time.

t. inverted the telescope.

c. wrote the book from which :;he paosageb
are taker..

d. devised very exact insz-,rments.

2. Ptolemy had fair accuracy

a. in devising observational instrumentcý.

b. in the scope of his book.

(X) c. in predicting the positions of the sun,
moon, and planets.

d. in finding the center of the earth.

IV. 1. The invention of the telescope

a. enabled Ptolemy to forecast heavenly phenomena.

(X) b. occurred after Ptolemy's theories had beer;
proved unreliable.

c. begam the process of developing more exact
instruments.

d. spawned Ptolemy's planetary theories.

2. Ptolemy's planetary theories

a. were trustworthy.

b. were proposed after the invention of exact
instruments.

(X) c. were unreliable.

d. were proved by the telescope.

3. Ptolemy's planetary theories

a. involved a theory of light.

b. were proved unreliable only by the invention
of the telescope.

• n II Ii iI IIi



c. were included ir. the scope of his tcck.

(X) d. were proved unreliable by tre invertior
of more exact irstrumer ts.



Test II

Test of Information Stability

We are attempting to assess the "informational

stability' of any text as it passes from original Enrglish

to its kerneilzed version. Listed below are several

kernelized sentences: your task will be to attempt a

"reconstruction" of what you feel must have been the

original sentence from which the kernels are drawn.

Taking the kernels which compose a sentence, your

task will be to "build" them again into a readable Engli;,h

sentence such as one might find in any written material.

Where you can, try to use the vocabulary contained in the

kernels (however, form may be altered: e.g., a verb from

a kernel may fit most appropriately into a sentence as an

infinitive--a "reverse transformation" so to speak). In

other words, try to reconstruct what you feel is the

original sentence from which the kernels were drawn.

On a separate sheet, please note the number of the

kernelized sentence which you are "reconstructing" and

write out your reconstruction. Please do not confer

with others concerning the test. If you have any questions,

please feel free to ask the examiner. When you have

finished, if you have any comments concerning the test

(e.g., was it unclear or misleading in parts?), please

list them at the bottom of your last answer sheet.



1st passagel

(VA) X came to light only at a time I

(K(2) Planetary theories k were unreliable.

(X(3) Ptolemy had planetary theoriesk.

(YO4) 'omeore devised more exact instruments at a time..

(1S) 'Y is a developmentm.

(Y6) A development, took place long before timet.

(K7) Someore invented the telescope at timet.

'Anerre X = ,Y 1=

2nd passage:

(1i) Something ionizes some atomzj because of X.

(K2) Atmospheric elements have atoms .

(1_l) -ntensive ultraviolet radiations are from the sun.

(W(4) Intensive particle radiationzf are from the sun.

(K5) Intensive ultraviolet radiations are at such great
altitudes.

(1(6) Intensive particle radiationsf are at such great
altitudes.

(K7) Some atoms have lo-t an electron because of X.

(M8) Y is equivalent to Z.

Where X = K3, 1(4, K5, Y6; Y = K1; Z = K7

3rd passage:

(K1) Oxygen has ionz .

(K2) Nitrogen has ionsg.

(K(3) Other things have ionsf.

S(14) Ionsj are positively charged.

(X5) Ions are positively charged.
g

((K6) lonsf are positively charged.

(K7) Free electrons carry negative electricity.



Test III

Logiclans Pest of information 3tabtl.lty

We are attempting to assess the "informational

stability" of any text as it passes from original English

to the kernelized version. Listed below are several sen-

tences, each in both original and kerrnelized torm. Com-

paring the kernelized passages below with their "original
£•g~r •i, yin) f.-d tnv places where informa-

tion is lost, erroneously gained, or ambiguous?

Information is defined as "questions which can be

asked ani answered by the passage." Ar example of in-

formation loss would be the case in which a question

which could be answered correctly by the original English

passage is not answerable by reference -o the kernelized

passage. Information &ain is found when a question, un-

answerable by the original passage, may be answered by

the kernelization (presumably erroneously). Ambiguity

i. defined by the case in which a question which permits

of only one answer in the "original" will have several

po-sible (if not plausible) answers in the kernelization.

Your task will be to look for such examples of in-

formation loss, gain, or ambiguity. To do this it is

uggested that you compare the two forms for each sen-

tence, and, when you find what seems to be an example

of information loss, etc., formulate a question which

can be answered by the Information in the original but



not by the kerrneli•zati- (info. loss), ore which could be

answered by the kerrelization but not the original (galn),

etc. The questiorn should be logical and apropos of the

material, as though the particular ý;entence were cortsineri

in. a c=r.us whi-h you were resear•.•ing.

Please list the questions and the information you

feel is lort, gained, or ambiguous on a separate sheet.

We woulA also appreciate your citing the transformations

(if iden~tifiable) where you feel the iifzr!rsti• n of the

original passage was somer.ow altered. Please use the

form:

(1) Passage number

(2) Information lost, gained, or ambiguous

(3) Question(s)

(4) Source of information loss (transformation(s)

If you have any questicns, please don't hesitate

to ask them before you begin. After beginning, however,

please do not confer with anyone other than the examiner.

After you have finished, if you have any comments con-

cerning the test itself (e.g., if anything was unclear

or misleading), please put them at the bottom of your

last "answer sheet".



1st passage:

A. The unreliability of his plaretary theorie: came to

light only wr.en more -xact instrumer.ts were deviaen, a

ievelopment whicn tcok riace lorn before the in'erticr.

;f the telescope.

E. (KI) X came to light only at a time,.

(K2) Plaretary theoriesk were unreilaLie.

(K3) Ptolemy had planetary theoriosk.

(K4) Someone devised more exact instruments at a time•.

(KS) Y is a developmentm.

(K6) A development, tooX place l0"g before timet.

(KT) Someone invented the telescope at timet.

Where X = K2, Y = K4

?nd passage:

A. Furthermore, scme atoms of the atmospheric e]r•-nts

are ionized---that is, have lost an electron-becauL

the intensive ultraviolet and particle radiations from tne

zun at such great altitudes.

-. (KI) Something ionizes some atomsj because of X.

(K2) Atmospheric elements have atomsj.

(K03) Intensive ultraviolet radiationcg are from the sun.

(KA) intensive particle radiationsf are from the sor.

(KA) Intensive ultraviolet raelations are at such
great altitudes.

(X6) Intensive particle radiationsf are at such great

altitudes.

(K7) Some atoms3 have lost an electron because of X.

(K8) Y is equivalent to Z.

Where X - X3, K4, K5, K6; Y = KI, Z a K7



ird passage:

A. The intnr of oxygen, nitrogen, etc., ate positively

rnarged, whereas, free electrons are carrerm. of negative

electricity.

. (Ki) O xygen ha s' ion .: j.

(K2) Nitrogen has; ion)s;.

(K3) Other things have ionsf.

(K4) lon-j are positively charged.

(KS) lonmig are pcoitivelj charged.

(K6) lonr.;i are Duoitively charged.

(K7) Free electrons carry negative electricity.

- fr,•



Test IV

Survey of Printout Form

The passages presented here are examples of a print-

out form we are contemplating. What we are seeking to ex-

plore is both the "readability" and "information extract-

ability" of printouts i. this form.

Your task will be to read the "printouts" and then

ancwer the questions concerning their content. Note that

these are "free answer" questions. Please answer them with

COMPLETE PHRASES--an answer may consist of several parts cf

a printout, and ALL information relevant to a question shoula

be included in an answer.

Please don't be upset by the Carroll-ian form of the

'entences---this was done to eliminate contamination: one's

great fund of knowledge often enables him to answer questions

with information not explicitly contained in a corpus.

One last request: would you please time yourself while

answering these questions (not, however, during your first

read-through). This is not a test of your ability to work

quickly-we need a time-count in order to compare this form

cof printout with other form~s on the variable of immediacy of

u nderstanding. Work at a pa':e which is best for your under-

::ýtanding and answering questions...you need riot race. If

po•.•:ible, we would appreciate it if you would time yourself

to the quarter of a minute.



1) Fargant borksk were an the zeichy --rigs, fargart brokok1
glarked tovely at the sed prad for roff terpy sogsg, brakcý

were in the slents, braiksj biffled at their raks, the pra.,tt?

-warked for roff terpy sogsg, the Creowi quarned a 1m 05Pk for
-cf erpy ooso~ M09~ resembles mosp, very little, pomi,_rneý.

heridorntiorially griss mosp, to the c~rowl.

) Grbkmaphized ;arp proutes to wansy croint,, AT IT

gars~maphized fa] ter proutes, to wansy croint,_ AT TIMEX

~ar~kmaphized r~ew " C"77 AT TDII' NC.UN dort.- r-a--, le a~i'e Cu.-.-

:-')m nilt:ý AT TINME 1 , -a-.le 1.ape-,cdnd is arouni ,arb-k

*abs havre 'Thlt3mg :,arb::- were amelly briced equal.; AT TIME~
sk k

~.)~ ormited plagoritive 'Chodems only in slobon..vel:,

r ~ ~ M ero aem OUkornted hoduaijt only in .slobonively

remnod jate!; M9 4I1M.i doj"Cers sorsathely' 9O withi p~rolative

i,,3tagnitent.i, it wasi Only in s;lobonively remnod jate3 ~



`)~cw ]'].1 t-le :zort'k3 zark"'

b) Wy ill the t"Drk7 Flarr('

.. 3 _ew~-z~. bork-~ _ýIark"'

e) Tnat ý di e :ro.: w-' 1

40~{w Iiuit IcOt

T) here were t-he brak -,?

n) 4ow were the mio.-p 7rissed to the crow). by promi.she.-W'

i) What two kiridp of' mosD were there?

a) What happenr!e to pla,:oritive odr?

b) Where lil this har~en?

c) When~ Jii t-.i, happen?

d) Whry d-AA (a) hITOnen?

e) Did what 'iatpened to the plagoritive thodeMs hnappen
to arnvthjiný elie tso. If so, to what?

7)Wnat I;A the forsathe dostering do?

) hat kind or dostering is thi-?

a) What kind of dorts were mentioned?

b) NJ hat made the garbs able t-o maphize things?

c) What did the garbs maphize?

i) Whnere dii the proiates extend?

e) Where did the garbs maphize the proutes to?

f) What ki~nd of' p~rcute3 are these?

g) Were wa.: the lapescarvi?



Arswers

i) ne fargarit nork: on the zelch~y cric~ t~zlarke~i tovel::

at tne zarki-- rraý fir roff tenip-,- `Oi75- r r of trzýv

~t th e c i-'a-r . ~ '-iiffled at t-'neir ra~stri

pr~it-4 -Iwarkei, and Z--e -2rowl -parne. -a mq_- -a-tn verv

ltle re.,emnciance i-' -t to tne micisp hen-1joit-ior-alI':~r.-" e

.o the crowl oly pernish-e3.

a) "ow d-.i th~e barks .7-lark?ý :cJeliy.

b) Why dirý thae bor-k. -lark? u rani.

c) How loi~g di-i tire barks glark? 'For roff terpy O.

d) What wasi th'e p~rad doi-a? Zarking.

e) What di:d t'ne craw! do? Q'uarned1 a rnogp.

f) H4ow riiA -he~v do it" unan.

a) Where were the brakýý?I In theslents.

t) 4ow were the mosa _r rilaed to the crawl ny porininen?

Sen do n t 13 rally.

i)What two kinAdM of rnasp were there' I. the kind
quarn~ed by the c-)wi; ?. the kind hendarntionaliv
,Tri-sedi to the crawl byv pomishes.



2) When the garbs were amelly briced, they maphized

not only farp and falber proutes to wansy crolnts, but

also forp dorts from their hults *of the nasple lape-

scand around them.

a) What kind of dorts are mentioned? 0f the
nasple lapescand around them.

b) What made the garbs able to maphize things?
Being ameily briced.

c) What did the garbs maphize? Farp and falber
prouts to wansy croints, and farp dorts of the
np pie lapescand around them.

d) Where did the proutes extend? To wansy croints.

e) Where did the garbs maphze the proutee to? unan.

f) What kind of proutes are these? Farp and falber.

g) Where was the lapescand? Around the garbs.

* = ambiguous: could be hults of...while it really

is dorts...of...



3) It was only in slobornively remnod jate:i that

plagoritive thodems and hodunit were gormited by forsathe

dostering with prolative instagnitent'i.

a) What,', nappened to plagoritive thodems? They
wer'e gormited by forsathe l1ostering with
proloative iristagniterits.

b) Where --J L d VT 1is aptpen? unan'.

c) When did this happen? In slobonively remniod jates.

d) Why did #1 happen? unan.

e) Did what happened to the plagoritive thodems
happen to anything else too? If so, to what?
Yes, it happened to the hodunit.

f) What did the forsaithe dostering do? Gormited
plagoritive thodems and hodunit.

T) hat kind of' dosterin~g is this? (alternate:
how does one doster?) Forsathely.

-74di



I
Test V

%nLlish Version

1) When the ponds were firmly frozen, they afforded not

only new and shorter routes to many points, but new views

from their surfaces of the familiar landscape around them,

2) He was informed of the disaster by the flag in front of the

library.

3) The boy on the horse stolen from the king in the forest

was killed by the boulder.

4) The king, deceived by a magician in league with the

devil fo." many years, wept near the castle in remorse.



Test V

K'N LI Z' VFPSION

1) a) Fondsk Afforded new routes tc =,My points

AT TI•CE .

b) Pondsk afforded shorter routes to many points

AT TIYF..

C) Pondsk afforded new NCUN AT TIYh..J

d) NOUN views familiar landscapek from surfaces

AT TIV7. .

e) Familiar landscepek is ground pondsk.

f) Pondsk have surfaces m

g) Ponds were firmly frozen (AT TTh.j).

Where (AT TIM'>) = G)

2) a) X informed him of the disasterk.

b) The disasterk was by the flag.

c) The disasterk was in front of the library.

3) a) The boulder killed a boyk.

b) The boyk was on a horse..

a) I had stclen a horse. from a kings.

d) A kingm was in the forest.

4) a) A magiciank had deceived a king..

b) A magiciank had been in league with the devil

for many years.

c) A kings wept near the castle.

d) A kingj was in remorse.



Tesa~t V

Ambiguou Version

I. (1)

a) Pondsk afforded new routes to many points

AT TIMEJ.

b) Pondsk afforded shorter routes to many points

AT TIMEj.

c) Pondsk afforded new NOUN AT TIIM-.

d) NOUN views familiar landscapeg from surfaces,

AT TIIEj.

e) Familiar landscapeg is around pondsk.

f) Pondsk have surfacesm.

g) Pondsk were firmly frozen (AT TTIXj'j.

Where (AT TIKMj) = (g)

(U)
a) X informed him of the disaster by a flagk-

b) A flagk was in front of the library.

(2)
a) X informed him of the disasterj by a flag.

b) The disasterj was in front of the library.

(3)

a) A flagk informed him of the disaster.

b) A flagk was in front of the library.

(4)

a) A flagk informed him of the disaster.

b) The disaster3 was in front of the library.

a) I informed him of the disasterj by the flag.

b) X informed him of the disasterj in front of the

library. (6)

a) I informed him of the disasterj.

b) The disaster was by the flagk.

c) The disasterj was in front of the library.



(7)
a) X informed him of the disaster hy the flag.

b) He was in front of the library.

(8)
a) A flag informed him of the disaster.

b) He was in front of the library.

a) The flag informed nhi of tne disaster in front
of the library.

III. (1)

a) The boulder killed a boyk.

b) A boyk was on a horsej.

c) X had stolen a horse. from a kingm.

d) A kingm was in the forest.

(2)

a) The boulder killed a boyk.

b) A boyk was on a horsej

c) X had stolen a horsej from the king in the forest.

(3)
a) The boulder killed a boyk.

b) The boyk was on the horse.

c) X had stolen a boyk from a kingm.

d) A kingm was :n the forest.

(4)

a) The boulder uilled a boyk.

b) A boyk was on the horse.

c) I had stolen a boyk from the king in the forest.

(5)
a) X killed a boyk by the boulder.

b) A boyk was on a horsej.

&" Y had stolen a horse4 from a kingm.

d) A king, was in thto forý.st.

(6)

a) X killed a boyk by the boulder.

b) A boyk was on a horsej.

c) Y had stolen a horse. from the king in the forest.
J



(7)
a) X killed a boyk by the bou.Ider.

b) A boyk was on the horse.

C) Y had stolen a boyk from a kingm.

d) A kingm was in the forevt.

(8)
a) X killed a boyk by the boulder.

b) A boyk was on the horse.

c) Y had stolen a boyk from the king in tke forest.

(9)
a) The bo-ulder killed a boyk.

b) A boyk was on a horsej.

C) X had stolen a horsej from a king3 .

d) A boyk was in the forest.

(10)
a) The boulder killed a boyk.
b) A boyk was on the horse.

c) I had stolen a boyk from a king,.

d) A boyk was in the forest.

(ii)
a) X killed a boyk by the boulder.

b) A boyk was on a horse..
c) Y had stolen a horsej from a kingm.

d) A boyk was in the forest.

(12)
a) X killed a boyk by the boulder.
b) A boyk was on the horse.

c) Y had stolen a boyk from a king3 .

d) A boyk was in the forest.

(13)
a) The boulder killed a boyk.

b) A boyk was on a horse3 .

c) X had stolen a horse3 from a king.

d) A horse. was in the forest.
(14)

a) The boulder killed a boyk.

b) A boyk was on the horse.

c) I had stolen a boyk from a kingm.



d) A horse was in the forest.j

(15)
a) X killed a boyk oy the bot.Aer.

b' A boyj was on a horse,.

c) Y had stolen '- horse from 'ukngm

d) A horse. was in the forest.

X k1lied a boyk by the boulder.
b) A boy, was on the horse.

C) Y had stolen a boyk from a kingm.

d) A horse was in the forest,

IV. Wj'

a) A magician had dece.ved a kingj.

b) A king. ha4 been in league with the devil for
many y~ars.

c) A king, wept near the castle.

d) A kingj was in remorse.

(2)
a) A magiciank had deceived a kingj.

t) A magiciank had been in league with the devil for
many years.

c) A king. wept near the castleg.

d) A castieg was in remorse.

(3)
a) A magician had deceived a king.
b) A king3 had been a league with the devil for many

years.

c) A king, wept near the castleg.

"I) A castieg was in remorse.

(4)

a) NOUN had deceived a king3 .

b) A kingj was by a magiciank.

c) A magiciank had been in league with the devil for
many years.

dj A kingj wept near the castle.

e) A kingj was in remorse.

a) NOUN had deceived a king,.

i



b) A king, was by a magiciank.

c) A magician had been in league with the devil
for many y;ars.

d) A king3 wept near the castleg.

e) A castleg was in remorse.
(6)

a) A magiciankhad deceived a king3 .

b) A magiciank had been in league with the devil
for many years.

c) A king, wept near the castle.

d) A kingj was in remorse.

(7)
a) NOUN had deceived by a kingj.

b) A king. was by a magician.

c) A king. had been in league with the devil for
many y~ars.

d) A kingj wept near the castle.

e) A kingj was in remorse.

(8)
a) NOUN had deceived a kingj.

b) A kingj was by a magician.

c) A king. had been in league with the devil for
many years.

d) A kingj wept near the caatleg.

e) A castleg was in remorse.

•I I~~~~-..I . 1 l l l l i , , , ,



Test V

Questions

1) a) When did the ponds afford new routes to many points?

(merely AT TIVh! 13 not sufficient for any answ-'r)

b) What did the po.,ids afford from their surfaces?

c) Where was the A'.nd-cape?

d) What three things did the ponds afford?

2) a) Who or what was in front of the library?
b) Wnere was "he"?

c% Who or what Liforned "him"?

d) Where was the disaster?
e) Where was the flag?

f) Where was the library?

3) a) Where was *he boy killed?

b, What killed the boy?

c) Where was the boy?

d) Where was the horse?

e) What was stolen from the king?

f) Where was the king?

g) Where did the stealing occur?
h) Who did the stealing?

4) a) How long was the king deceived?
b) Who was in league with the devil?

c) How long was that person in league with the devil?

d) Who wept?

e) Where did this person weep?

f) Who or what waus in remorse?



SCOR-S OF TEST V

Kernelized-

•nglish Kernelized Ambiguous

26 0 26 26 2.

25 0 25 0 25 0

24 3 24 0 24 0

23 0 23 3 23 0

22 1 22 1 22 0

21 2 21 2 21 c

20 5 20 2 20 0

19 2 19 2 19 0

18 2 18 3 18 0

17 1 17 2 17 0

16 0 16 2 16 0

15 1 15 2 15 5

14 0 14 1 14 0

13 0 13 0 13 0

12 0 12 0 12 3

11 0 11 0 II 2

M= 19.28 M 18.75 M= 12.57



Test V

Error TaL Lation

Fernelized

b) ii- 55'" - 7.

c) 0 0

d -a) 0 0

b) 0 - 5- 0

c) 15 - 450' c

2. a) 9 - 45? 14 - 100c-

b) 7 - 35/ 2 - 14%

c) 19 - 95% 14 - 1000I

d) 0 13 - 93%

e) 20 - 100% 14 - 1001

f) 8 - 401 5 - 361Y

3. a) 11 - 55% 2 - 14f

b) C 0

c) 6 - 30% 4 - 28%

d) 7 - 35% 8 - 571

e) 0 0

f) 0 2 - 14%

g) 11 - 55% 11 - 79%

h) 18 - 90% 3 - 211'

4. a) 4 - 201 1 - 7%-

b) 0 0

c) 0 0

d) 0 o
e) 0 C

f) 0 0



Test V

vrror Differencee

(Letter in parentheses indicates which group had the lower error)

- - - -'C^ -

!a (7) 3d (F) lb (•') id (c) (F)

3f (X) Ir 1.9kr

4a (7) 2d (F)
3h (7)

Test V

Error Hypothees

Low Frror (F): (listed rank order of the size of difference)

Id (c) The transformation of "views of" to "NOUN views"

(i.e., transforming what appeared to be a nominalizat.Lon)

confused nearly all (75%) of the (Y) people, though the

experimenter showed the sort of transýoymation in the

illustration. Many answers were "New NOUN".

3h Here the (K) group was confused by the "X" trans-

formation ("X" is used as the subject when a passive ve-b
which has no explicit agent is transformed to the active

voice). This transformation should have been stressed
more in the illustration, but it is difficult to grasp

for the first time.

lb Again the NOUN transformation confused them.

3a lust decided that the boy was killed "on a horse",

and some "in the forest". The "on a horse" is probably

because of the close conjunction of kernels 1 and 2.



"In the forest" seems to be an extreme inference.

2 (7') people and 0 (:) people missed this:

seems to be si.mply error.

4 -,d people missed 2thiz. All sub-

stituted "for many years" -- false inference.

eest V

2rror Hypotheses

Low Frror (Y'): (listed in rank order of the size of difference)

2-- Iy choice for resolving the ambiguity was not the

most common stereotyped resolution... and 100l of those

reading the 'nglish sentence interpreted it otherwise.

The K subjects were drawn by the stereoty-pe too - even

though the kernel gave ta±e explicit answer, 45c' still

missed it.

2d It makes it evoen more diffficult to comprehend

considering that 2d is merely _ re-wording of the

answer to 2a... and All. (K) people got it correct.

Inference seems to be selectively applied.

3d Yiost often the answer was that the horse wan "under

the bay" --- which was not explicitly given. The tendency

to draw this conclusion was stronger for the (E) subjects

probably since the statement that the bcy was on his

horse was much more causal in the English sentence than

in the kernels.

Again (E) subjects were more prone to error: since
'1tolen from the king in the forest" is close together



whereas It is "itemized" and eeparate in the kernel...

and the ambiguity is recolved.

3f Only 2 in the (E) group missed this, and 0 in the

(K) one, so it Is probably merely an erior.

4

i -7I II



1) Stone faces1 were on the outar walls. Stone facesk

....'.Dbind.y -at the black night for three heavy

hours -a, horses. were In the stables. horses4 ratl6ed

at their racks, the logs br1rked for three heavy hours-.

the owl made noisek for three heavy hours . noisek

resembles noise, very little, men-poets conventionallyj
assign noise. to the owl.

2) Pondsk afforded new routes to many points AT TIY7 .

Pondsk afforded shorter routes to many points AT

TI.Ej pondsk afforded new NOUM AT TIYE., NOUN views

familiar landscapek from surfacesm AT TIME'j, familiar
landscapek is around pondsk, pondsk have surfacesm,

pondsk were firmly frozen equals AT TIMEj.

3) NOUN k replaced rule of-thumb methods only in
comparatively modern timesm, NOUM replaced guesswork

only in comparatively modern times W NOUN measures
;-OUN with precision instruments, it was only ing
':omparatively modern timesm.

4L



Test II

Reconstruction Results

IIl) Free electrons carry negative electricity, but

oxygen, nitrogen, and othe- thi~ngs have positiveiy charged

ions.
III) Oxygen, Nitrogen, and other things have ions which

are positively charged. since free electrons carry negative

electricity.

III) Oxygen, Nitrogen, and other things have ions which

are positively charged. and free electrons carry negative

electricity.

III) Free electrons carry negative electricity and the

ions of Nigrogen, Oxygen, and other things are positively

charged.

III) Since free electrons carry negative electricity,

oxygen, nitrogen, and other things have positively charged
ions.
III) The ions of oxygen, nitrogen, and other things are

positively charged, whereas free electrons carry negative

electricity.

The ions of oxygen, nitrogen. etc., are positively

charged, whereas free electrons are carriers of negative

electricity.



The object of this study was to determine, for

a relatively large corpus, the number of times each of the

various transformations would be applied to the generation

of the corpus sentences. With some exceptions, noted below.

the most frequent of them were taken as the first for which

recognition and kernelization routines would be written.

Eventually, if a large-scale routine is designed, the

results of this study might be used to weight the relevant

rules and to compute, as a function of these weightings,

the probabilities of alternative analyses.

Most of the transformations tallied are to be

found in R. B. LeesI A Transformat ional Generative _

of Inlish (mimeographed, 1962) and in Chalao Chaiyaratanarm

A Co=Darotive Study of English and Thai Syntax (Ph.D.

dissertation, Indiana University, 1961: printed in offset).

Neither of these grammars, of course, purports to be com-

plete, and additional transformations had to be designed

in the course of the study. Those that occurred most

often in the corpus are described at the end of the list

below.

It will be noted that, unlike our source graTmars,

we have allowed prenominal adjectives a position in the

kernel. This is because our work is geared to informatioa

retrieval, &?Ad to separate an adjective from its noun makes

the information that is implicit in the ccrti~uit; LCrC



difficult rather thar. easier to get at. While scme

advantage may be gaired from the .eparatct-, it h.Q' ncl

yet appeared ereat t to ,,ar'a:.t the a -:nl c'..

plexity that woull te required.

The corpus for the f.tudy waL '-ar.- tumpffl's

Planet Earth (Ann Arbor, 19-5'), a text of '3,5' words.

Zhe actua.e fi-rures givor, erbelw c....r.t be cc:.-

sidered precise, for ir spite of regular consultation

amonrg the three ir.vestigatorz there were irccnsistencie5.

:,:ost of thR other incorsistencles were ironed out eaxl•

ir. the study. There was, at any rate, almost complete

agreement among the irvestivators ir so far as the

ranking is concerned, and the order ir. which the trans-

formations are listed below may be taken as fairly re-

flecting their relative frequencies of occurrence ir. the

text. (Only those transformationz that occurred ten

times or more are given here.)

The examples given below were n.ot taken fro.-

Pla.e.It Barth, except where it is so indicated, but. made

by us so that each example might illustrate only the

transformation under discussion as far as this was

possible.

List of Abbreviations.

RI. =reference, i.e. source grammar.

L = Lees. C = Chaiyaratana.

GT generalized or double-base transformation.

T - single-base transformation.



71 - total. number of cccurrerce.

approx = approximate rzimber of occurr.ence based or. a ;artial cc

Defir ite Pronou.ns.

Rf:0 ' 71t 112; 1. 174:. 714 1 ,6

Examples: The hr,ýy was very your6 when he came tc the

"Tniversity for tne first time. qe wa - only seventeen.
Iot.: The term definite pronoun is used here to mean

both' the persc-nai -r.r.ounz and the deamonstrative proilounz

(including their use as demonstrative adjectives). L GT40

is such that it operates only within the confines of a

ser.tence. In our count, however, the domain of the

transfornation was widened so a.- to include not only

the intra-sententially determined pronouns but also the

inter-sententially determined ones. To be consistent we

should, perhaps, have counted the occurrences of the

definite article, introduced by transformation, but we

decided against the inclusion of the definite article

here since we were fairly certair. that the frequency of

the definite article alone would outrank that of any

other transformation by a big margin, thereby obscuring

the significance of the prorouns with regard to frequency

of occurrence. The figure given above shows, however,

that the pronouns have come out the same way as the

definite article was expected to. (The definite

a rticle occurs 4,822 times according to the count done



by the comriter. Pu4t this doesi not ~i.i::hthe twG,

kir.ds of týe definite article, i.e. trazfc¶rmatio:r q,.i

ron-traformational.) At the presert momenrt no comple'e

transforma'ional acccunt of t.ne pronours seems tc be

c v~ilable.

See Peverly lobtin., The Trargformational Statu..•

of The Definite Article in English. (University cf

Per.nsyivania Transformatione and Discos-,r-e Ana"lyzi Pr Fce-

ýeport *.. 3F.) Iq61-62.

'icif ier Possessives.

Rf: C 76; L 3T27. TI: 1,314.

Examples: John's house is very large. !r. 3mith is the chair-

man of the board.

Note: This transformation includes every of-phrase that

can be paraphrased in the fcrm "X has Y", ("John has a

house", "The board has a chairman"). We are well aware

that not all the instances of have thus arrived at behave

in the same way, but none of t.)e transformational grammars

available to us at present are detailed enough tG enable

us to make the distinctions consistently. n spite of itz

very high rank in the frequency count, this transformation

was not chosen to be programmed, since, owing to the com-

p lexity of the transformations that result in of-phrases,

the recognition procedure for this is not feasible at this

stage of our work.



Conjunctives.

1f: 1,)i7; L 1-, 7 Ti" 1,142.

E" v. : " .jch.I wr-t to the poet offiee and y.'arv went

tc the station.. Jonn an, "ar;- wen- to the a4. ort.

o.'ote: Under the conjinctive transformat.ion we counted

oome instances of but, or, nor, as well as, and not only

but (a.1o:. 31milarly, since in a eaquence of three or

more conjoined items (x ard y and z) all but the last

corjuncti:n may be replaced by ccmmas (x,y and z),

we also courted such commas as instances of conjunctive

transformation. The difference between the two and's

in the examples given above is due to an ellipsis which

is almost automatic; th.er.fore we did not bother tc

count them separately.

Postr.ominal Ycdifiers (deriveý by deletion of uhe

relative Fronoun and the copula).

Rf: C 17; L IT25. TL: 1,076.

Examples: The book on the desk is for Mary. John has

all the tools necessary for the work.

Note: Just as we speak of the distinction between the

restrictive and the non-restrictive relative clause, so

we may make a distinction between a restrictive and a

non-restrictive use of postnominal modifiers. But in our

count no such distinction has been made. Although it

might be argued that in "Betraye( by all his frzends,

Dr. Warl commi ted suicide" the past participial phrase



modifies "Dr. Ward" just as it does in "Dr. Ward, betrayed

by all his friends, committed suicide", we assigned the

former to a differert tramsformatior. while CounTtirn the

latter aZ a ... o.rina.l mod•f•er. Thig lifficulty arises

only when we are dealing with a construction derived from

a non-restrictive relative clause.

Nominal izat iors.

TLi 1,176.

-- Act ion Nominalizat ion

Rf: L GT9, 10. TL: 570.

Examples: John's apportionment of the fund was fair.

The pupils discussed the revolution of the earth around

the sun. Flying planes is dangerous.

Note: It is possible to subdivide nominalizations according

to the sub-class of the subject of the verb that is

nominalized and/or according to the sub-class of verbs,

e.g. transitive or intransitive. The distinction be-

tween nominalizations and nouns can at times be difficult

to make, especially when there is no of-phrase following

a nominalization or no determiner preceding it. It was

suggested by John Lyons that the co-occurrence of the

indefinite article or a plural ending disqualifies a

given form as a nominalization. This is a point well

made, -it an example like the following makes us think

twice: Another attempt to climb the mountain will

certainly enrage the natives. Our problem here is: which



istre more economical way of hardlinig th.3 sort of

thLne in. view of the entire grammar-to derive it from

the vert attempt o-- to set 1p a .5ub-las- of' nouns that

take pjfl•j',r ('r. [ 'r. epositiý,n,- a• -- le-ent..

AZ yet we 41c not k7ow the answe: to this -uesti-.;-

further re3eaL.-;h s needed i. this reainect.

--- •aCt e "t h" 3US e.

RI: 3^; L ' . TLL 37`Y

Examples: John krnowz that the 3tory is false. The fact

that the ztory 13 false 2uirprised '*arv. That the story

is falJ..e i. obvi.vi.

--- finitive---PurDose.

7• " ; Al-" 3?15,2 . "LL• 47.

John went to -ndianapolia to buy a car.

-. -Subject.

R f"- L G 212, 13 . 7AL: 44.

:o play tile violin oefore breakfast 1i a mistake.

The first step i- to collect lata.

%o-e: infiritve.ye after "be" in equational sentences

are counter nere.

--- Deadjectival . ominalization.

If: L ^7711, 19 7L: 139.

Example: The accuracy of the clock always surprises John.

' ote: We encolnte- the same sort of difficulty here that

we do in other rominalizatiorns.

Paesive.

if: C' 14"- L ?. ":• •



The ball was kicked ty the boy.

ote: The main difficulty we have here lies in such forms

(ending in -ad) as t8red, annoyed, limited which car. 'e

i.n.terpreted either as pa:t participles, cr ae ad1jectivee

by virtue of the fact that they can be modified by very.

It is true that context often helps us to ieciie, but, if

a given zentence is the product of a series of trar.s-

formations involving deletions, the decision can be very

difficult.

Negatives and Indefinites.

Rf: C 128-130; L T14. TL: 303.

Examples: John doe3 not know anything about Eskimo.

John hardly knows anything about Eskimo. Johr knows

scarcely anything about Eskimo. John knowE nothing

about Eskimo.

Relative Clause. TL: 519.

-- Restrictive.

Rf f! 69-70. TL: 303.

Examples: The man who threw the stone should pay for the

damage. John eats his breakfast where everybody else does.

lote: Chaiyaratana does not distinguish restrictive from

non-restrictive relative clauses. Lees tries to distin-

guish the restrictive from the non-restrictive by gen-

erating the former in prenominal position while generating



Sthe latter in po.t--nom~iral pcsi-ior. ?Plt this doeQ

: notot !o2. tne ambigiity foind in 'hip French

wife' xslxh car. mean either 'ne ha- more than ore

wlfe a%! ore of them. is trench' ',restrictive) cr 'he

has onlY one wife and zhe is Trench' (non-rastrictive).

It still remains to be investi-ate) now best. we can

de~crlbe ;he .•'feren'ce 2.n Cuz grammar.

--- %on-Restr ict ire.

3f: L GT22. TL: 216.

Example-: Eertrar4 1u.3sell, who ii iiinety-one years

old rnw, saved from obzcurity I;ottlob Frege, who wrote

The Foundationsof Arithmetic.

'7omplements. TL: 257.

--- of 'Verb---Infinitive.

Rf: L 7"L!4,29. TL: 174.

Examrles: John hate• for R cab to make a !T-turr.. John

persuaded 10'ary to go home. John expects to receive a

lift from '.sary t :nristrmas.

":ote: I 37" isa abelled as "Infinitival Object". Th i

is because the r-ule is so formulated that it effectr

replacement of a factive nouifn -hrase in the matrix
sAen-ence by an infinitive nhrase. It is not feasible

to keep G1I4 and Gr29 apart consistently without a more

extensive lexicon, Also the distinction between

Intransitive lomplement Verbs and rransitive Complement

Verbs is to some extent arbitrary, e.g. expect is in

both groups.



-Adiective.

:'L: 23.

Exam-lee: -oli. pairnted -he .i:uc-e .1ree. 'l e 0ier Lurrei

_our.

-- -- * un.

Examples: "'ar. called Johr. a liar. The people eecteu

John prerident.

- -- Present Pfarticiple or Gerund.

2 . I "2 . : 1.C.S.....*,2 .

The teacher caight Tohn cheating. john retrained from

smoking for three days. J-rhn avoias meetVnt.- people these

days. The football game prevented John from going home

for the weekend.

-. .- Predicatilve Phrase

f: T G' 28 . i: 10.

Example: !,mary noticed o.ohn in the White Fou;e.

--- of Adj�ective.

if: L GTI7. TL: 15.

Examples: John is sure to receive a gift from Mary at

^hristma•. John is apt to forget appoirntments. Lt was

niCe of John to come to say goodbye to vSary.

A% A

Pronominal j odifiers (in the Form of 7E71P ing or VY,, ed,.

Rfs L GT24. TL: 189.

John saw a weeping mother on the street. John nursed

his bruised elbow.



"ote: :he reason; fcr our interest ir this type )f pre-

:,o-a•a =ý-zJifier ' iý- "'.a-. %e'6i;L :' 1"0 . e.-A

i3 ir, tP;e lexiconr, i.e. these form- occur orly Ir, trans-

f 0 rn.9.

Advetiajl Claui-,e of Time.

Rf: C i19. TL: 153.

Example: When it rainea, John was unhappy.

":ote: Here is included also the temporal conj-inctive -!e

of since, the moment, every time, by the time, and the

like. (Although this tranzformation i3 not listed in

Lees' grammar, it is ea*ily derivable from the Time

Adverbiaa! in the Phrase 'tricture. Or. the other hand,

Thajyaratana treats this ao a conjoining transformation.)

Concessive C'lauses.

-C 120. TL:134.

Examples: Although it was rainrng hard, John went or. a

picnic. Whereas Vary is beautiful and tender, John is

tough and brave.

N;ote: Other conjunctions u-sed in this transformatior

are though, even if, albeit, and sometimes while. This

may be regarded as an embedding transformation which is

efe'edo, . eplacing the "casual adverbial" in the matrix

sentence, since the adverbial clause of reason and the

concessive clause are complementary to each other, i.e.

a "concession" 1. a "cause" which is unexpectedly in-

sufficient.



,Conditional Adverbial 'lauses.

Rf: 9.1 119. 7 L: 145ý,.

Exampnle: Johr will be arntrv if "arv -.s late.

.:ote: Pseudo-cornjunctiveS like provided, providinA, and

ir. case are ai- counted under ýha- heaI. '4e regard

this as a cor.jomin- transformation rather ;nan an em-

beddirg one.

Adverbial Claise_ of .asor,.

TL: 121.

Example: John was absent from the class yesterday becau7'e

he had a cold.

INote: This transformation- may be initiated by choosin6

a "causal adverbial", if there is such a choice, in

the Phrase Structure.

Adverbial Gerundive Constraction.

Rf: C 17,21,121. TL.: 116.

Examples: On seeing a police car in the rearview mirror,

Johr slowea down. Betrayed by all of his friends, Dr.

Ward committed suicide.

",ote: The preposition preceding the gerund is optional

according to the reference given above. Also the

gerundive phrase may stand after the main clause. The

.ecor I example is ii,•erpreted &S La lJf "sn

being betrayed by all of his friends, Dr. Ward committed

suicide." The negation of this phrase ty -e-ans cf "with-

out" is noted in ý 21 1- 129.

_- I



Inversior with "there".

3,f: C 65. TL: •3.

Examples: There is a took c' the desk. rhere's a bear

coming to-ward me. There were three men killed here

ye.F teriay.

:ote: The rour that follows the verb, which may be any

one of ,e, , occur, stand, c., or any verb in the

"progressive" or "passive", must be an indefinite ex-

preE•sicn, i.e. without the definite article or any

demonstrative adjective.

"It"-Inversion.

Rf: L GT30. TL: 61.

Examples: It is obvious that the story is false. It

is hard to find a job in this town.

Indefinite Pronouns.

if: ! 47,96. rL: 38.

Example! Someon2 --",,zt nave taken out the book.

Postnominal ?.'odifier with "with".

Rf: C 71; L GT26. TL: 34.

Example: John met a girl with blue eyes.

ueation Word "bject Clause.

If: C 138,140; L GT4. TI: 31.

John knows why Mary has a headache in the morning.



-f: . 7 AL: 21.

Example: "cr.slcer the diztarce between the earth ard "arc.

"-left enertence.

Sf T . o- £J' •-'C

LEample: it was last Saturday that John went to Indianapoliz.

Reflexive Prcnours.

?f-: C 161-3; L 'T37. -:: 15.

Example: John contradicted himself.

"o¶ote: For a detailed diEcussion of this transformation ard

related ones, see R. ?. Lees and E. S. FTlima, "Rules for

English Pronominalizat!on," LV XXXIX (1963), 17-28.

Direct WH-Questicns.

ýf: C 130; L T4. TL: 12.

Examples: Where did Johnr. o last Saturday ? What did John

do last Saturday ? etc.

The followir, are some of the most frequently

occurring transformations that were added to our pool of

transfcrmations durirg the course of the count, and for

which only rough estimates are given on the basis of

partial court.

Again in descending order of frequency.



r ,

-te In n-i ir e:1 - r e. *Ia -

*Vrmp an eV a e r'e <r "

P -1ax:e.

-1 - 27 r

ra- nere ' ' -. ----.

;xir-erle: a .-ve tcr :i -o~ e Itkef ';ý a:( .et a.

ote: toe rcý tfher -atiier e ro' r"' ive."Tht" t

3.o Cl? t par' , 'erreCr7' !.--:ze variatio.

<uto:air Th.ih-.r iaere ar -ere rir teo--

* ~whan: make ocu.a thefe -weiro tte aýxwr e

--onstruictiorv- t ..e:,.er.



Absolute PartLci)ial 7o-otructior..

approx: 41.

Example: Along the c~a!-tz this theoreti:al fi•ire i•

.reatly exoeeded, excivelv hi..Q water' bein ca~a-ed

ty damming.

-- Planet '6arth.

E I.lipsi after "wheyf'_ "if". "while"."alhou~ h"

Rf: ^ 121 (in part). approx: 65.

Example: The whale, tho'igh not a fih, lives i- water.

Cau3al Phrases.

approx: 60.

Example: 'wing to John's late arrival, the conference

?.a- postponed until next Yonday.

':ote: Other prepositions used in this constructicn are

because of, due to, and on account of.

71ausee of 'Result.

approx: 50.

"Example: The box was 3o heavy that John could not lift it.

":ote: "so...that..." may be regarded as an equivaler.t of

the adverbial modifier of the adjective (or adverb). Se

may include here such sentences as: John was kind erough

to escort Vary home; J"hr was too weary to go out.



"alau:--e of *,an ner (V:ead ed by "as", i "Ir.te C allJ~er

Exampl e: Tornr doe's to cthernA a.-- he woýýild lake tn~em to

LrnyatioPrronouns.

~ 65113. apprcx: 4.

Sxamr-le: Johr iaw the mana.z7er himself. M'ary saw the

manager herself.



A2PPjIX 1

~ ~s. - a s.C- ati-as

Tae 'olLowin.- is a list of all t, traisformatio-W in --.wlish

fexcept norn),itnoneic8) that are ava. lable at op•ese-et. :.i" sources

• information are:

"Cialao C-,aira-atina, I C-narative A A- of T--ai and ;nglish

Sv-,itax. ("h. ). Dissertation at Indiana 1!niversit , 196].

printed in offset)

loam Chomsski, Syntactic Structures. (The Hague, 1951)

", "A ira-isCormat " Approach to S-,-ntax" in

The Third Texas Conference A.istin, 1>62)

Charles J. Filmore, "'The Position of Eibedding Transformations

in a Granar," dord XX±X (1963), 20•3-231.

Robert B. Lj.b, ! -to ramar of Frnglish 4ominalizations.

( Balt Leers, IX-))

"f , 'raumtical AL.alysis of the -glish Ccmparative

Constriction," Word XV 1 (191), 171-185

", A Transformational Weierative ri•uar of English.

'.J:ine, 1962, mimeo :rabhed)

Robert R. Lees and F. S. alima, "'(les for English Pronominalization,"

Language XXXIX (1963), 17-24.

Robert 9. Stockwell and PaiJl Schachter, Rules for a Segent of

English S-mtax. ';,arch, 1962, mi-meographed)

Of theae onll Cnalyaratana, Lees (1I61, 1962), Lees and GIsim,

anzI Stockwell and Scnauener are referred to in the list, since Chomsky's

-orks, the second of which contains twenty-three transformations

(excepting morohophonasics), are prograatic "nd neither of then

11-' 
_1n7



'itterni~tz tO Ax~ t tt~e tranaf ýr1qti-jnz in !:o.'! i:~r .

~ L~ (~r~y)or Lee,~ In n.- ',r

i-rJ- ce -'E f&~ ai a t cri~ ~nt ef trrt-I l

= Amrj~le r ::rin-e-Lasc transforfaation

IP Gener-ii~c2- -,r 'irj'ble-bas,- tranEforcation

* ( ~4:A i. itriVt~j -r:.

':he 1 th-t f :11.)w.-17 a~. SlahUCtiC.'l one., with re~a-` th

i wor-. In ttuc7 :)s~ f tCh trar.-2VC.TrAtlon.

'hn wiE abc-,,nt iror. the c-laz- Decau.me he hau Coll.

1.'e --- fo T =. G 21,i

J -An w a Ihapoy vheni "ary sang~ in public.

S---of U)onait.Lon. C, iii.*

.iahn w~ill b.- na~p- if' jiry sin*,s in .miblic.

i. happy Corlcehozi nly in rc.t

.P'h L~hapy ~~thi.~ ~Vry s iugs onl, npiae

...---Flirt IC f1!E uA0(live. C rCL.

<O)eeein& r police car &'a the rear-vie v John slow~ed .iowai.

Snubbed by the critic, Mary now Insi*a only _r private.



(',hen Jnz:c-it -o the bar.4 jt-Mo Wen:t -..- tnc rar then.

XcD -I-, Of he:r; Ztrant~ely enaugi-.; -Ith thtc r-ifti't hl

th~a~hthe z --- P Af ;,Is- zi;-i~~ ~irdunl.-f,PiC

FrrPue n ta tiE . ve a; m-t; pr:%abl1y; a 11 ay c; ~e e I u -)n, re ue:zt ly: e C.

.cite: 2. auc . . overlPý: ta some -xtent.

.Cleft "-entence . L ;T.-5.

it wars 7:)h- '.hn went to Indianan-)Iii: yecteýrriay.

It w-ir to TinjansApolis that Joiin vent y'Žz:teraay.

It was Jolin j'hase boat the troopers recovere i f rom the cave.

4. Comparative. L (1,J-) .

john is ar tall ac Bill.

G,-orr-e 1'taller thatn John.

Gerei th.,, tallest '3f R1l.

5.1 Com'plement of Tran--tive Verb. L GTJ:h,; :; Tlb,c.

Mary cjns ~derz- John handsomec.

The people elected "obhn presiaerit.

:,kry noticed Joha in the White 4t0uý,E

5.2. ---"to"-Irfin~tlve. ", G71A.

ry inowc john to 'o#e a teacher.

Mary tre John wash her car.

5.4. -- *t" -fi'rtie or Prepcitiofl *-ine C 37; L GT.Z,
TAn part intransitive); 3 G'r2d,e,I

Johan imagined Mary sa ining in publZ.



Ir

*,r etveZ -r4 ~..

:rij seemr: r-L. ri4 c o

- -- ,t -. d lfA n

v,.I eci t Ant'...-

.te: )Y,,_h nrry~ *:' -1 .ti.n -.re )r~bW tj

-,f~~n .,iLIe-ctt~v- 1; L -. IJ~ L u,- .

)h i L hap-d>y ti7,t :::!r: is ri.- in puuc-J'c.

JAzI hiappy f j- t be s.in.-irw- ir, public.

C .on..;unct Ive. C il2; L 'T-,-;

-jnn and Mary vwr A to the airport.

"O-hn went t;D the airport and A'-ar'j went to the stocre,



4.2 --- Of iuject in A•,entivp 4ominai.

a !oier of A 0 ) i lo-er.

ý't 3Prchrr ror I ~ asparcrer.

1). .,irect *iscoarse. 102.

*;onn said<,3 foii't>, " axr is a iar.

" ar; is a Iiar," -joh r said < 0o B i > .

"I'arv is a 14.ar," said John.

11. Double Determiner. ,

That house of John's is Jreen.

12.1. Double Object. C 23

(Johr -'ave i -- ) John ýave Vary an apole.

12.2. Pransposition of Double Object. C 25;

John gave an apple to Mary.

12.3. Presnositional Double Object. C 43.

Mary asked <John>for advice.

his parents for mon-ey.
John begged money from nis parents.

13.1. Ellipsis-wlth "neither" "nor" or"either". T .12,13.

"?~arv did not ,o to church last Sunday.) 4either/nor did John.

Tohn didn't, either.

13.2. --- with "so" or "too". L TIO,11.

(John ýoes to charch everv Sunday.) So does Marv. Mary does, too.

13.3. ---- --- after Conjuwction. C 139; L TI.

John goes to crhurch every Sunday and so does Mar•+.
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(.ijohn 3ays t~hat. the -tor-,r 13 com~pletely t'Rlqe =4: John sa-'rs ~

,h o w#-it t , ci r ,it i- irflA!<) Johi Iii.

*',~ -~f-"if", 'Iwha&',V Atc. 2- 121.

~~~~ i..--t'dr*ii" n oi~" "if not", "if so". U.

;'.- <n,3t)

,o-L, John is i; liar.

su, John is a liar.

.Ionnf saW Mari.
I

13nn did see 'Tarr.

"t.I. Shift of~ Frmhasizel1 P. 61'.

4. coaraid John is.

'his hear John <illod.

v hi. ;ýrnnhatic "self"s. C 8

.:.-in hlmiself tliit the ho-isp,

inii. 'rt of *rrmhitic 11self. C 113.

john b-i1-t the holvis ni'mselt'.

,.Embedded 'x3ýaton .

TK-k how beait~if il Ut.e rainbow is.



16. "have m. C 125.

(D- 'ýz John have two houzeiý? _=4ý ) Has John t-,- r. ),.4ses?

1V, Negative Variant of iorti..ive. C 5.

(Don't let's eat this tpple -) Let*- not eat thir tpple.

I ,. Imperative. C e: 3 Va7,b.

Go away'.

Ih. 1 . Indirect Discourse. C'

:.ary said that she Was Crateful for the help.

19.2. --- Telescoped. C 43p24.

John shouted to stop.

John shouted to Mary to stop.

20.1. Inversion---vith "it". L GT3O,33, TE: S GT11, T).

It is obvious that the story in false.

It is not known who ate the last sandwicka.

It was a mistake for John to have eaten the last sandwich.

It is no use crying over spilt milk.

It was wise of Mary to leave early.

.0.2. --- vith "there". C 65.

There is a book on the desk.

There is a bear coming toward us.

There were three men killed in the accident.

20.3. --- of Object of lafinitive. L GT3Z.

Arsenic is illegal for an ordinary person to buy.

A gun is dangercus f.,r cnildren to play with.

Note: It is the sourm.e ý,ntence that is obtained by &.,uble-bose transfortrnt. -n.
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1 O- 7

~ cern *:.t; , .c mit--:as

DhL ,)IY,-:A,ý i: )f the fiA: i. ' .aE fU I'2.

* -- 1v~L~t~,-,iL,,ec, ý.h ¶"*L '(4

'he;u . ;u-. he rvi~f 01' t: earth ur-1:1.1 the

---- '*2 *t ý i-*ic-. .ixte Ax:te rmi n r. L. JT

ý Anger -f -,Jz:.:- appeared at the~ r-,I'1.

r. earcher f-ir tr-uth alvriy! encmzinevý -:mny diff icultier.

S7. - ct'i.) Gerarnd-wi-h Subject in Genitive-. 1. '-PIZ

.r3hnis pluiyinju. tric flute nl.-aseJ 4tary.



~~*.~i '.- -~~ub~ject.

- ---- -ci r!-,t e: n eit v-

-ary .Learnel J ohr' lyin 'PIe 's~"

2 3 ---- -- MIanner Gerund. j. GTI.b .

The plyinr- of t~he flute was -jarvei3uc.

Factive Clause---,ubject. L ','I;.

Tha±t trie -tory is completely false i,- O't"'Ios.

'-).4o--------t OLi C.( 3,ý; L 3. ý3 57!.

John Knlown that trie stcry I's c-ia'pietely f-ilre.

,23-15.--------ojltive. S GT2L.

John adducec the fact that the story -'s true.

"rOte: Lxcept where the nominsilization is Zoverned by a preposit1i)r.,

. a -icre vc-rlant :)f 3. '2 or ý314

2-,.16. -,aner ?iause vith vM!.---Gubec~t. S -5Tl-~I".

The way john %?Orl;E ic am~azing.

~---- ---- O~et ;ý GZTlIb.

'vverybody knovL: the i'±y John vorks.

NIH-Claize---L~bect. L G-15; -:GT,1



. . .------------- ,bjCt. ( 1 33, 11o; 0 ;ri; S .

'= r,ýr coows hoi John went to Indianapolis.

23.20. --- oii"to"-Infinitive--- Sabject. L 'r5; s "T8, •.

.here to Po is ohvrous.

-.21. --- ---O ject. L ur6; $ ,T3,').

,john 4nows where to Y).

23.22. --- Ebedded Question. C 56,59,,60.

.ary asked if John went to IndLaqipo!is yesterday.

'!arr, asked how John went to Indianapo.is yesterday.

23.23. --- Inflnitival Subject --- with "for" iP. L YTl3; S ATll.

For John to play the violin is unimaginable.

23.21,. --- without "for" NP. S GTI2.

23.25. --- Int'initival Object. L oTIL.

JTohn motioned for the cab to null uyi to the curb.

John hates for a cab to make a U-t-in.

John paid for the cab to take Hary norne.

John likes to play bridpe.

vote' no last example is probably derived from *John likes himself to

play bridge.

23.26. ---Infinitive of Ptapose---after "be". L (Tl3; S c'I2.

This car is for John to drive.

23.21 . --- --- with "for" NP. L OT1S; S GT13.

John boa,,ht the car for Mary to drive.

23.2'. --- --- without "for" NP. G 1ý; L '127; S AT13.

John went to Indianapolis to bay a car.

A A
24.1. "Once" with be ed, have ed. C 134.
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Lawy'erc once orer children.

L'wyer(! were once chlldren.

"..•. .... w~th VJ4 .d. C 1.'5.

, 1•.,(-( John 1cilleu ;.L ue,.,r.

bu. rih't of "otlier" i. ,h.

(-!ohn bhuurht iiny A'hthe.r hO1uz*s. = ) joL bouLh he ther rhuee

I... oi-placed 'ubject of FI'ctive Clause. £ GT31.

,!ohn i:o rala to oe v very competent teacher.

27. Parenthetical Insert. C 148.

The story is completely false, John said.

• Partitive. C (,,6.

Bot.. of 1John's houres are 4'een.

/. Prassive. C 14; L T;; 3 1.'..

Lil1 was bitten by a snake last tunmrer.

Fido got rua over by a car.

jO. Postnominal Modifier (with Aelative and Copula Deleted). C 17;
L GTr5; 6 GTu.

The car In the garage bebns to J.Ahn.

iil. Postnominal Modifier with "with". C 71; L GTMu; S T7,e.

4 girl with golden hAir met John tit the airport.

,2. Possessive Modifivr. C 76; L GT7-7.

John's h.ouse is green.

The top of thic table ic smooth.
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"I. Prenominal Adjectve. String. C 93; S GT5,6.

7oln tought a big wooden box at the fair.

34.. Prenominal Modifier---Vlng, VAd. L C'i2!; S GTIS.

A burning city fascinates John.

The discouraged student disappeared from the class.

35.1. Pronoun---Definite. C 112; L GT40O; LK; S GT22b, T5.

(John bought a car and) Mary drove it home.

)5.2. --- Indefinite---Anlmate. C 96.

Someone stole the car.

35.,3. - - Inanimate. C 97.

John picked up something on his way home.

35.4. --- Reflexive. C 161-3: L GT37; LK; S T6.

John contradicted hiwnelf in the end.

35.5- --- Reciprocal. L GT36, 39; Ix.

John and Bill called each other namec.

36. Prop-Word "one". C 110.

John bought a green house and Mary bought a white one.

37.1. question --- WH C 138; L T4, 1i; S Ti, 2,4.

What did John buy at the fair? etc.

37.L. --- "Yes-1o" (and Alternative). C 138, L T18; S Ti.

Lid John go to Indianapolis (or Louisville) yesterday?

38. Tag Question (or Statement). C 142-3; S T7.

John went home, didn't he?

John can't eat today, can he?

John went home, John did.

John can't eat today, John can't.
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]VOiM The last tu constructions are non-literary.

30.L. --- Relative 03lAuse--- iestrictive-- -Modif ier. " ,N470; 7, .T21; S ,

The man who threw the stone should oay for the damage.

P.2. --- --- Property. C 69,70; t, GTO.

A man wno is riird majr applf for a secinmi-eye doi.

3P.J. --- Joi.-restrictive. C 6),70; T, •'22; S iT3,4.

Pertrand ,tasseLl, who is ninet,,I-one years old now, savea froA obscurity

o;ottlob Freie, who wrote Tim tF'oundations of Airithmetic.

P-4•. --- Itedalced. L o%`23.

.1hatever in is wron,;.

b Si. ular CoILaM-,&I Rorm. C '3.

(John boaoht the houses - ) John bo•,lht the house.

Iota: This is an expedient within the iamework of Charyaratana's grammar.

It. Siift or' Vocative. C 7).

(I don't eat apples, younm, man.* ) Yoa man, I don't eat apples.
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